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High  Altitude  Research  Using  The  V-2  Rocket 

Chapter  I 
IHTROEJCTIQB 


The  development  within  reoent  years  of  rockets  capable  of  reaohing 
eery  high  altitudes  has  given  the  field  of  upper  atmosphere  research  a  new 
and  potent  experimental  tool*  The  Applied  Physios  Laboratory  (APL)  is  one 
of  a  mater  of  ageneies  cooperating  in  an  extensive  series  of  high  altitude 
studies  carried  on  in  oonneotion  with  the  TJ*  S*  Army's  7-2  rocket  test 
program}  the  present  report  is  oonoeraed  primarily  with  AFL's  participation 
in  this  research  during  the  period,  throb  1946  to  May  1947*  The  Laboratory's 
work  in  this  field  after  the  latter  date  will  be  oovered  in  future  reports* 

Upper  Atmosphere  Hesearoh  in  General 

Atmospheric  research  as  a  whole  may  be  said  to  be  of  two  general  kinds t 
(a)  direct,  in  whioh  experimental  data  are  taken  at  the  actual  altitudes  being 
studied,  and  (b)  indirect,  in  whioh  various  high  altitude  conditions  and 
phenomena  are  deduced  from  data  taken  on  the  earth's  surface*  Prior  to  the  use 
of  rockets  the  ceiling  for  direct  atmospherlo  research  was  determined  by  the 
altitude  that  could  be  reached  by  free  balloons  oarrying  recording  or  tele¬ 
metering  equipment*  The  marlwm  height  of  such  flights  has  been  approximately 
26  miles  with  the  average  being  less  then  20  miles* 

In  the  category  of  indireot  experiments  whioh  have  added  enormously  to 
man's  knowledge  of  the  upper  atmoephere  there  have  been,  among  others,  studies 
of  the  solar  spectrum}  of  the  spectrum,  height  and  intensity  of  auroral  light} 
of  the  anosmlous  transmission  of  sound  waves  from  explosions}  of  the  height, 
velocity,  deceleration,  and  liadnoelty  of  meteors}  of  the  absorption  spectrum 
of  osons}  of  the  reflection  of  radio  waves  by  the  ionosphere}  of  the  reflection 
of  searohllght  beams}  of  the  light  of  the  night  sky}  and  of  the  perlodlo  and 
non-perlodlo  variations  of  the  earth's  magnetic  field* 

Although  the  total  amount  of  upper  atmosphere  information  gained  by  the 
above  procedures  has  been  great,  these  remain  many  questions  which  have  not 
been  answered  and  which,  in  fact,  may  not  be  answerable  without  obtaining 
direct  measurements  at  altitudes  much  higher  than  have  been  possible  in  the 
past*  Examples  of  suoh  problems  include  the  followings 

1*  Percentage  composition  of  the  atmosphere  at  high  altitude* 

Although  auroral  spent rosoopy  and  study  of  the  light  of  the 
night  sky  provide  «u?le  evidence  of  the  existence  of  oxygen 
and  nitrogen  at  heights  of  several  hundred  miles,  almost 
nothing  is  known  of  the  percentage  composition  of  the  atmos¬ 
phere  at  these  levels*  Belther  is  it  known  whsther  there  is 
sufficient  turbulenoe  in  the  upper  atmosphere  to  assure  sub¬ 
stantially  oonstant  gaseous  composition  as  a  function  of 
altitude  (as  is  true  close  to  the  earth),  or  whether  gravi¬ 
tational  effects  produce  a  relative  increase  in  the  amount  of 
the  lighter  gases  (heliua  and  hydrogsn)  at  higher  levels* 

Collection  of  air  ssmples  at  various  altitudes,  whioh  is  feasi¬ 
ble  with  rooket  techniques,  would  provide  intonation  on  this 
matter* 
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2*  Spectrum  of  tho  sun.  Until  about  a  year  ago  diroot  know* 
lodge  of  the  eolar  spootrua  m  United  to  meaeuramnte 
made  on  or  near  the  eerfch,  Beoauee  of  afaaospherlo  ab- 
eorption  these  did  not  extend  below  a  mve  length  of  2900  I, 

Ae  will  be  mentioned  in  greater  detail  later  in  this  report, 
rocket-borne  spectrographs  hate  reoently  provided  a  consider¬ 
able  amount  of  solar  speetra  data  down  to  2500  A,  and  it  is 
possible  that  within  another  year  the  long-standing  controversy 
concerning  the  so-called  "ultraviolet  excess"  of  the  sun's 
speotnai  any  be  settled, 

5#  Properties  of  the  ionosphere.  Although  the  body  of  know¬ 
ledge  about  the  ionosphere  is  lar^e  it  does  not  include  a 
great  deal  of  information  on  ionisation  density  between  the 
ionospherlo  layers  i  this  problem  is  now  being  subjected  to 
direct  experiment  using  rocket  techniques, 

4,  Condo  ray  studies.  There  is  sons  difference  of  opinion 
among  scientists  as  to  whether  rockets  can  play  or  are  pla^ 
lng  •  rol e  in  oosmic  ray  research  which  is  not  better  filled 
by  free  balloons,  However,  oosnlo  ray  study  using  rocket- 
borne  instruments  is  pxvoeedlng  and  it  seems  fair  to  say  that 
oortaln  facts,  at  least,  have  been  and  will  be  established  in 
this  fashion  with  greater  certainty  than  oculd  ever  be  possible 
using  balloon  equipment,  A  major  eeotlon  of  this  report  is 
concerned  with  ooemlo  ray  information  aoouanlatod  by  AFL  in 
oonneotlon  with  tho  7-2  rooket  program. 

These  ere  but  a  few  of  tho  ponding  problems  in  upper  atmosphere  research 
whloh  appear  to  bo  open  to  suoocesful  attack  by  using  rockets  which  makes  it 
possible  to  transport  measuring  equipment  to  previously  inaooesslble  alti¬ 
tudes,  Although  such  experiments  have  been  in  progress  for  only  a  relatively 
short  time,  they  have  already  proved  their  worth  and  will  undoubtedly  beocme 
increasingly  valuable  ae  more  experience  in  their  applloation  le  aoquired, 

High-Altitude  Bsssaroh  Program  at  AFL 

By  the  beginning  of  1946  the  Ordnanoe  Department,  U,  8,  Army,  had  comp 
plated  its  plena  to  fire  a  series  of  26  oaptured  Qcxman  7-2  rookmte  for  mili¬ 
tary  appraisal.  These  were  to  be  launched  at  the  Axmy's  Hhite  Sands  Peering 
Grounds  in  Hew  Hexioo,  m  January,  at  the  invitation  of  Army  Ordnanoe,  repre¬ 
sentatives  of  APL  attended  a  conference  of  serrioe  end  university  groups  oalled 
to  dieouee  the  possibility  of  using  the  warhead  epaee  in  the  7-2  rockete  to 
oarry  reeearoh  equipment,  giving  the  rooket  teste  a  eoientiflo  ae  well  ae  a 
military  value.  In  thie  and  subsequent  meeting*,  APL  expressed  ite  interest 
in  participating  vigorously  in  thie  program  both  ae  an  effort  to  pure  reeearoh 
and  ae  a  supplement  to  its  guided-miesllo  program.  The  problem  assignment 
which  wae  drawn  up  to  oover  this  work,  and  whloh  was  approved  by  the  Bureau 
of  Qrdxmaoe,  U,  8,  Havy,  in  Pebruaxy  1946,  states  in  part  that  the  Laboratory 
la  Ho  perform  basio  eoientiflo  work  and  Inst  naentat  ion  in  the  study  of  the 
physios  of  tho  upper  altitudes,  Speolflo  investigations  will  include  eolar 
spootroeoopy,  ooemlo  ray  studios,  flight  properties  of  missiles,  ionosphere 
studies,  pressure  and  constitution  of  the  atmosphere,  temperatures  of  the 
eurfaoe  of  missiles,  and  maisuxwmeub  of  the  eolar  oonstant,"  To  date,  work 
has  mainly  been  oonoentrated  on  tho  first  three  of  tho  problem  statement 
aeslgimmnte. 
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The  Hi  gi>- Altitude  Research  Group  of  APL  was  organized  in  late  February 
1946  and  began  work  immediately  preparing  research  equipment  to  be  fired 
in  V-2  rockets.  The  Laboratory  was  assigned,  on  an  average,  every  fourth 
V-2  with  other  participating  laboratories  using  the  intervening  ones.  Subse¬ 
quent  extension  of  the  Any’s  firing  program  to  75  rockets  greatly  increased 
the  research  possibilities  of  this  particular  series  of  experiments* 

While  APL  participation  in  the  7-2  program  was  still  in  an  early 
planning  stage  convereations  were  initiated  with  the  Aerojet  Engineering 
Company— « a  Section  T  associate  contractor— and  with  the  Douglas  Aircraft 
Company  relative  to  the  procurement  of  a  series  of  small  sounding  rockets*  It 
was  proposed  that  these  would  be  generally  patterned  after  the  successful  VAC 
Corporal  rocket  (Any  Ordnance- Qalclt)  but  with  Instrument  volume  and  alti¬ 
tude  specifications  more  suited  to  high-altitude  research  requirements*  In 
May  1946  a  Bureau  of  Ordnance  contract  was  awarded  to  the  Aerojet  Engineering 
Company  for  the  design,  testing  and  fabrication  of  20  such  sounding  rockets, 
the  vehicle  to  be  known  as  the  Aerobee* 1  Office  of  Naval  Research  %*• 
also  Interested  in  a  research  rocket  of  this  tyoe  and  agreed  to  contribute 
one-fourth  of  the  total  Aerojet  contract  amount  in  return  for  five  of  the 
twenty  vehicles,  to  be  used  by  the  Naval  Research  Laboratory*  2 

Objectives  of  the  Aerooee  program  are  as  follows: 

1.  To  provide  a  relatively  inexpensive  vehicle  for  research 
in  the  physics  of  the  upper  atmosphere. 

2*  To  advance  engineering  experience  and  practice  in  the  design, 
testing  and  launching  of  liquid-fueled  rockets  while  at  the 
same  time  making  available  a  proven  missile  of  potential 
military  value  as  a  basis  for  an  antiaircraft  guided  missile; 

3*  To  provide  experience  within  the  Navy  and  its  contractors  in 
the  practical  handling,  servicing,  fueling,  1  ranching  and 
tracking  of  rackets  of  potential  military  type;  it  is  antici¬ 
pated  that  shipboard  launching  nay  be  included  in  the  Aerobee 
program  at  an  appropriate  later  date. 

The  schedule  of  Aerobee  development  as  originally  set  19  called  for  first 
launchings  in  late  1947  and  1948.3 

Current  work  in  the  high  altitude  researoh  program  is  being  oonoent rated 
on  the  study  of  basio  physloal  phenomena  oonoerning  whloh  balloon  flights  and 
indirect  experiments  have  given  and  probably  would  continue  to  give  either  no 
data  or  inconclusive  data*  Cooperating  with  APL  in  this  program  a  ret 


The  design  and  operation  of  the  Aerobee  is  the  subjeot  of  a  BUMBLEBEE 
Report  to  be  Issued  in  the  near  future. 

*Xm  the  OBR  program  the  rocket  is  know  as  ▼anus  instead  of  Aerobee. 

St*  dat*  of  preparation  of  thla  report  aakaa  It  poaalbla  to  atot*  that  thr** 
A*rob**a  had  haan  flrad  by  April  1948,  Farfonaooa  aaa  aaaantlally  aa 
pradiotad,  a  paak  altltada  of  380,000  foot  bolng  aohiarad  with  a  valooity 
of  about  4800  ft/aao  ot  tho  and  of  pomrod  flight. 
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1*  am  Section  f  Mwotoh  mkrukon  -  lev  Mexieo  School 
of  Mines ,4  Sow  Mexico  Collage  of  Agriculture  tad  tectonic 
Art*,  tad  thdsoralty  o t  Tlrginlni 

S.  Oms  aid>-ootoractor  -  Terfcsa  Obasnatcry  of  the  Cnisereity 
of  Chleagej 

2.  roar  agonies  arHn  «a  a  Ntpmftla  na  wrtwrt  lull 
-  Popartnnl  of  terrestrial  hpilla  of  the  Carnegie 
hittMlnt  Imirl  College  Obeersatory,  California 
Institute  of  Technology,  ul  fctlonal  luUMi  of  Health. 

At  presort  secondary  esphasis  la  bolaf  plaood  on  military  application 
of  thlo  reaoarahi  haw,  nest  of  the  personal  la  the  API,  Ugh  Altitude 
trap  either  are  or  have  boon  aeaeolated  alao  nith  military  develognsrt 
cork  oo  that  already  a  water  of  military  application  of  possible  Man 
laixirtiioi  btit  bm  iuxnitid« 

Because  tee  preant  report  la  planed  aa  the  first  of  asveral  to  ho 
leaned  la  the  KMBUSB  aorloa  and  oeeorlag  acre  or  leas  chronologically 
tee  mpp or  ataoaphore  research  of  this  Laboratory  and  lta  associates,  tee 
background  of  the  program  as  a  stole  toe  been  dlsonaeed  here  la  sen  de¬ 
tail*  the  reaalader  of  the  report  Is  limited  to  oenldsratlen  of  the  mark 
carried  on  fra  March  1946  to  toy  1947  during  toloh  period  tele  laboratory 
an  responsible  for  the  instrtaw Station  of  eeuen  of  the  M  rochets  fired 
at  telte  Sands* 


^  POv  Mexico  School  of  Mine  sas  a  Seotlon  t  associate  eortraetor  during  tee 
first  part  of  this  sort:  hot  has  not  been  etna  torch  1948* 
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Chapter  n 

SB  «  AS  A  SB8KOCI  HBZCU 

All  wotlon  of  tee  report  la  imM  to  «  dsaerlptloa  of  tea  M  roakat 
oo  ft  vehielo  for  aarrylag  iaatrvMika  to  UM1«  altitaloo  aad  tko  teatalgaea 
ragalrad  for  raoovnry  of  ttfmUoi  Obtained  oa  tko  flight*  •  Pallawlrg  on 
ortllae  of  otruoturol  design  oad  flight  porfomaM  of  tko  aiaaile,  o  feta  11*4 
feaeriptlon  io  presented  of  ballirtie  tradUag  prooodnroa  oad  trajectories, 
poor  aoorooo  oai  elroolta,  telowaterlag  equlpaeat,  oad  data  recording  oad 


Ptarolaol  Ckorootoriatloa  of  tko  toofcot 


The  VS  roekrt,  few  diaoaoloao  oai  iwfioianto  art  ladlaotoi  la  Ng« 

1,  mo  feaigaai  oad  yrodaood  in  Oeiaaay  dariag  tko  oar  and  koa  toon  aodiflod 
la  tkia  oeowtry  for  ro anorak  purpoees,  It  koa  a  total  length  of  48  foot  11 
iaokaa  and  la  S  foot  8  iaokea  in  dlaaoter.  tho  oztraaa  dlaaotar  of  tha  f iaa 
la  11  faot  •  inahoa.  Tha  total  Might  la  abort  8,000  panada  anloadad  aad 
abort  14  to  no  loafed. 

Tha  roakat  la  poMrad  by  a  Jot  aotor  oaiag  alockol  for  foal  and  liquid 
aaqfgan  aa  tho  axldioar.  Ooor  19,000  pooado  of  foal  aad  oaddlaor  ara  noad, 
nfaloh  alloaa  tho  aotor  to  oparata  for  abort  00  aoooada.  The  prooaaro  in  tka 
oortoatioa  fefer  la  abort  18  ataoapkaroa  at  8000  0  aad  tho  gaa  oxit  velocity 
ia  of  tha  ardor  of  0,800  ft/aoo,  giving  a  throat  of  88  tone,  A  atoaa  toibiaa 
drives  tha  foal  aad  oaddlaor  pofee,  tha  atoaa  balag  gonaratad  by  tho  roaotloa 
of  hydrogoa  poroadto  and  aodlvoo  poraaagaaato. 

The  throat  prodnoaa  aa  aooaloratlon  of  dg  aad  a  velocity  of  abort  8000 
ft/aoo  Just  before  foal  burn  art,  teleh  ooonra  at  a  helgM  of  abort  100,000 
foot,  Altltafea  bataaoa  88  aad  114  ailoo  have  boon  attained  with  flight 
tinea  of  abort  8  Blunts*.  Thao,  period*  of  four  to  flvo  ataataa  haw  boon 
•pent  above  tho  helghta  roaehed  prorioualy  by  aouadiag  balloon*,  Illurtretiva 
tra  jootorloa  are  ahem  in  Figa,  8  and  8, 

Unaohlag  Frooadaraa 

Tho  V-t  ia  a  aalf-lauaohlag  roakat  roqniring  aa  propelling  ohargo  or 
booater  to  lift  It  from  tho  gromd.  The  laaaekiag  ataad  ia  aeroly  a  plat- 
fora  on  vhioh  tha  rookat  reata  before  tho  aotor  ia  art  la  operation.  Aa  a 
aafrty  praoartloa,  tho  rookat  ia  art  fueled  until  it  la  on  fee  ataad  aad 
ready  to  bo  fired, 

A  block  houae,  life  reinforced  oo  nor  ate  Mila  16  laohea  thick,  ia  lo¬ 
cated  1000  faot  from  tha  launching  oqulpwant  to  aheltor  paraoaael  during  launoh- 
lfe.  The  blook  houM  ia  tha  oostrol  oentor  for  the  entire  launching  operation. 
Starting  oirouita  for  tha  rookat  aotor  and  for  tho  mrbernd  inetruaa station 
to  radiate  in  tha  blook  house.  Coamnioatioa  ie  naiataiaad  bataaan  tha  blook 
hooae  aad  all  ebwrving  aad  recording  rtationa  looatad  at  various  point*  la 
tha  Proving  Ground, 
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Trajectory  Control 

The  trajectory  of  the  V-2  it  controlled  by  a  stabilising  meohanlsm  la  the 
rookst  and  limited  if  neoeeeary  by  a  remote  oontrol  fuel  out-off  system,  Fuel 
out-off  le  effected  when  a  multiple  ohaxmel  radio  reoelrer  in  the  7-8  reoeltes 
the  proper  ooamand,  Thie  eyetcm  hat  been  need  on  certain  flights  when  the  7-2 
did  not  follow  a  aafe  trajectory.  Radar  plotting  board*  and  *sky  screens*  are 
used  to  determine  the  necessity  for  fuel-out-off. 

The  stabilisation  system  installed  in  the  rocket  consists  essentially  of 
pre-set  gyro  orientors  and  serro  nechanisne  for  the  operation  of  exterior 
control  yanea  and  for  carbon  control  rudders  placed  in  the  exhaust  jet*  The 
desired  trajectory  is  determined  before  the  flight  and  the  gyros  are  set  a** 
cordlngly. 


jjg&na&isn  sl  ifat  a sea  tsL  soi«atmo  p— 


nafcsiw*— i 

The  portion  of  the  7-8  rocket  aost  useful  for  seientifio  research  imposes 
is  the  warhead  where  space  is  available  for  Inst runentat ion.  Warheads  for  the 
7-2*  s  hare  been  designed  by  the  Rural  Research  Laboratory  especially  for 
scientific  use  and  are  aanufactured  by  the  Rural  Qua  Factory  for  all  partici¬ 
pating  groups* 

The  warhead  consists  of  a  nose  section  nade  in  two  parts,  and  a  main  body. 
The  naln  body  is  of  east  steel  3/8  inches  thick  and  57  inches  long,  with  a 
base  dianeter  of  37  5/8  inches.  Access  to  the  Interior  is  by  naans  of  throo 
gasketed  ports*  Two  of  these,  located  diametrically  opposite  each  other  and 
16  3/4  Inches  abore  the  base,  are  15  x  17  inches.  The  third  port,  located  at 
right  angles  to  the  others  and  42  1/8  Inches  abore  the  base  plate,  is  12  x  12 
inches.  The  nose  coapartment,  lying  between  the  nose  tip  and  the  main  body  of 
the  warhead,  is  22  Inches  long,  with  a  base  diameter  of  12*37  Inches  and  with 
a  6  inch  access  port.  The  nose  tip  is  12  Inches  long  with  a  base  diameter  of 
3  inches*  The  warhead  has  an  orer-all  length  of  7  feet  6  Inches  and  weighs  1055 
pounds  empty* 

As  originally  supplied,  the  base  plate  of  the  warhead  was  welded  in  as  am 
Integral  part  of  the  warhead.  Experience  on  the  assembly  of  apparatus  in  an 
early  flight  indicated  the  desirability  of  separating  the  cone  from  the  base  so 
that  apparatus  might  be  built  up  on  a  frame  orer  which  the  cone  could  be  lowered* 
Later  warheads  were  modified  to  hare  a  separate  base  plate  which  is  bolted  to 
the  oone  after  instrumentation  is  completed.  In  this  manner,  assembly  end  test¬ 
ing  is  greatly  facilitated  and  no  design  limitations  based  on  access  port  wise 
are  imposed. 

The  7-2  warhead  has  arailable  19.6  cubic  fset  of  space  for  scientific 
instrumentation.  To  make  optimum  use  of  this  epoce  requires  careful  design  and 
placement  of  equipment,  and  has  resulted  in  the  use  of  a  "pyramid11  frame  with 
compartments  into  which  are  fitted  the  rarious  electronic  units  with  the  smaller 
and  lighter  units  near  the  top.  Bulkheads  constructed  Inside  the  two  opposite 
access  ports  are  used  for  holding  the  Oeiger  tube  teleocopee,  with  two  of  the 
tribes  outside  the  bulkhead  and,  except  for  a  shielding  oorer  of  om^qparter  inch 
plywood,  the  ports  are  exposed  to  the  atmosphere. 
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IqolpMit  it  Wilt  on  chaoses  fabricated  froa  1/8- inch  tttol  plait  with 
1/e-itou  tad  import  plaitt  on.  which  connector  plugs  art  mounted.  Xht  chatttt 
•lido  into  the  compartment*  in  the  pyramid  and  art  ttenrtd  by  tprinc  olipt. 
Conntoior  plug*  art  mttd  throughout  to  proridt  a  quick  and  easy  atthod  of 
aeeembly  and  totting,  ill  errand  oonntotiont  art  carrltd  by  wire*  rather  than 
Iqt  tha  tody  of  tkt  warhead. 


froa  tint  to  tint  toat  space  in  the  aft  taction  of  tha  roekat  hat  been 
aadt  availahla  for  lmstrumemtatlom.  High  temperatures  and  Titration  art 
aneoaatarad  tat  to  tha  proximity  of  tha  motor;  however,  tha  poaaitilltlaa  for 
recovery  of  equipment  inttallad  hart  hart  prorad  to  ha  relatively  good. 

Additional  q^aoa  it  arailatla  in  one  quadrant  of  tha  control  compartment. 
Chit  space,  uapressuriied  and  lying  iaaadiataly  aft  of  tha  warhead,  it  4  faat 
7  inchat  long  and  hat  bate  diaaatara  of  37  5/8  inchat  and  54  1/2  inchat.  It 
it  maafal  for  homting  tneh  instruments  at  caaerat,  racordart  and  tinara. 

Other  quadrants  in  tha  control  compartment  contain  tha  talanataring  tranasltter, 
tha  anargancy  oat-off  receiver,  tha  Doppler  tracking  unit,  and  rocket  control 
equipment. 

zagttta.  *0  Co»tldw.d  in  T-3  to>«rl»9atatlQB 

The  T-2  constitutes  an  exceptional  vehicle  for  carrying  instruments  to 
much  greater  altitudea  than  have  aver  before  bean  reached.  Ita  use,  howarar, 
alto  introduce!  muttal  and  exacting  circumstances  under  which  tha  esperim**- 
tat  ion  mat  be  performed.  The  following  paragraph!  contain  a  discretion  of 
•one  of  tha  more  important  of  theta  condition!,  and  of  tha  general  teohniquea 
need  to  Immure  operation  during  tha  flight  of  tha  7-2.  Specific  problaaa  will 
be  treated  in  sore  detail  in  later  aectiona  of  thia  chapter. 

1.  All  equipment  fired  in  tha  7-2  it  affected  by  the  acceler¬ 
ation  of  tha  mitaila.  She  naxinun  acceleration  due  to 
propultiom  it  6g,  and  tha  equipment  hat  bean  deeigned  to 
operate  under  thia  condition.  It  hat  been  ettinated  that 
the  rocket  undergoes  a  17g  lateral  acceleration  toward  tha 
end  of  tha  flight  due  to  vibration.  A  shake  table  and  a 
centrifuge  have  been  used  to  study  the  operation  of 
equipment  under  various  Accelerations. 

2.  Another  situation  encountered  in  experimentation  at  high 
altitudes  it  the  breakdown  of  air  at  an  Insulator  at  low 
pressures.  The  solution  of  this  problem  hat  been  to  maintain 
the  Interior  of  the  warhead  at  atmoipherlo  pressure  by  meant 
of  gaskets  on  the  warhead  bate  and  doors*  Cable  connections 
are  brought  through  the  warhead  bate  by  meant  of  pressurised 
receptacles  and  plugs,  which  are  covered  by  brats  cylinders 
and  packing  glands  to  form  an  airtight  seal  on  the  cable. 

Becorder  leads,  for  example,  carry  high  voltage  pulses  and 
are  proteoted  in  this  manner.  Telemetering  leads  and  control 
circuit  leads  operating  at  low  potential  do  not  require  this 
special  treatment.  It  is  not  considered  necessary  to 
pressurise  the  top  section  of  the  warhead  where  such  equipment 
as  the  solar  spectrograph  is  operated. 
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5«  It  hat  been  calculated  that  the  narlwms  akin  temperature  en¬ 
countered  la  tha  wexfcead  will  be  at  the  nose  tip  and  nay  ha  of 
tha  order  to  800*  to  600*C,  Doe  to  tha  high  heat  oapaolty  of 
tha  reoket  and  to  tha  relatively  abort  tint  in  ubioh  the  rooket 
anoountara  appraaiabla  air  friction,  it  appaara  that  tha  tem* 
paratura  rlaa  in  tha  wurhead  ia  not  great  and  that  no  apaolal 
preoautione  art  needed  to  inaura  operation  of  eleotronlo  equip* 
went*  It  mas  noted  that  tha  paint  on  tha  outaide  of  tha  rooket 
fired  July  80,  1946  uas  only  a  lightly  bllatarad,  indioatlng 
relatively  node  rate  akin  temperatures  in  flight,  The  Geiger 
tubea  uaad  in  tha  flighta  hare  bean  teated  for  reliable  oper¬ 
ation  at  various  temperatures,  It  has  bean  found  that  they 
will  operate  auooaaafully  at  teaparaturaa  aa  high  a  a  100*  C  and 
aa  leer  aa  10*C,  a  range  that  exceeds  all  temperatures  to  be 
expected  in  flight, 

4,  Beoovery  of  data  haa  bean  an  iiportant  phase  of  tha  V-2  program* 
Two  parallel  mathoda  hare  bean  uaad,  one  being  telemetering  and 
tha  other  phyaloal  recovery  af  raoordara  within  tha  rooket* 

An  additional  problem  of  importance  la  that  of  determining  tha 
operability  of  equipment  during  flight  so  that  tha  data  obtained 
may  be  interpreted  oorrectly,  and  ao  that  any  portions  of  tha 
instrumentation  vhloh  fail  in  flight  may  be  redesigned  aa  re¬ 
quired,  A  method  of  calibrating  the  Geiger  counters  during  the 
flight  by  periodically  exposing  them  to  Beta  partlole  radiation 
from  a  radioactive  phosphorus  souroo  haa  been  used  to  establish 
the  operation  of  the  oountera  aa  well  aa  the  eleotronlo  oirouita* 

The  radloaotlve  Phosphorus  (P82)  used  in  this  experiment  was 
supplied  by  the  Monsanto  Chemioal  Conpany,  Clinton  Laboratories, 
Oak  Ridge,  Tennessee  and  obtained  on  allocation  from  the  U*  S, 
Atomic  Energy  Coonisslen* 

5,  Weight  allouanoes  for  instrumentation  are  not  orltioal.  It  la 
neoeasary  due  to  stability  considerations,  however,  to  have  the 
total  weight  of  the  loaded  warhead  in  the  neighborhood  of  8200 
pounds*  Lead  counterweights  are  added  a  a  needed  to  bring  the 
gross  weight  to  within  several  hundred  pounds  of  this  figure. 

The  looatlon  of  the  oenter  of  gravity  of  the  warhead  la  not 
orltioal  and  particular  consideration  need  not  be  given  to  this 
factor  in  designing  the  instrumentation, 

6,  The  position  of  the  rocket  in  flight  is  important.  Roll  la  to 
be  expected,  and  has  been  induoed  on  some  flighta  to  inerea,* 
stability*  The  resultant  period  of  roll  haa  varied  within  the 
range  of  6  to  40  seconds*  tabling  in  flight,  with  a  period 
of  about  80  seconds,  is  typical  after  burnout* 
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7.  fhe  time  available  fop  obtaining  data  lo  of 

lig>ort&aoo  in  planning  7-2  «xp*riii&tf  and  la  11*1  tod 
toy  tho  missile's  abort  fligjbt  tlna.  fha  usable  time 
la  rodnead  by  warhead  blow-off,  a  technique  used  to 
aaparata  the  V-2  Into  two  aarodynaaloally  unstable 
parte  In  order  to  lover  the  terminal  Telocity  of  the 
nlaallo  and  to  facilitate  recovery.  Ho  data  la  aecnred 
after  separation  of  the  warhead  from  the  aaln  body.  She 
tine  of  f light  fro*  launching  to  blow-off  haa  been  aet 
at  5.5  minutes,  by  which  tine  the  nlaalle  la  over  the 
peak  of  the  trajectory  on  a  flight  to  an  altitude  of  100 
ailee  and  yet  la  above  the  ground  on  a  abort  file  it  to 
a  60-*l le  height. 

fracking  and  Beductlon  o£  Ballistic  Oat* 

fracking  of  the  V-2  rockets  and  redaction  of  trajectory  data  la  con-* 
ducted  by  the  BalUatlo  Be  search  Laboratory  of  the  Aberdeen  Proving  Ground, 
the  Signal  Corps,  and  the  Hew  Mexico  College  of  Agriculture  and  Mechanic  Arts. 
Meaaureaenta  made  by  BBL  Include  position,  velocity,  and  acceleration  aa 
functlona  of  tlae,  aapect,  point  of  lapact,  and  time  of  flight.  BBL  also 
provides  tlna  signals  on  both  wire  and  radio  communication  channels  for  use 
toy  the  various  observers  In  coordinating  stator  aments  with  the  trajectory  data. 
Badnr,  radio,  photographic,  and  visual  equipment  are  used  in  making  trajectory 
measurements. 

Badar  Units 

A  beacon-radar  system  used  to  obtain  the  complete  trajectory,  consists 
of  the  SCR-584  radar  assisted  by  a  modified  M-19  beaoon  in  the  missile*  Two 
plotting  boards  are  used  in  conjunction  with  the  beaoon-radar,  one  giving 
vertical  height  vs*  horlsontal  distance  from  the  rsder  set,  and  the  other 
horlsontal  range  ve*  aslmuth  In  a  polar  plot*  Time  le  shown  on  both  plots  as 
dots  ooourrlqg  at  one-half  second  intervale*  The  plotting  board  data  hat 
sufficient  aoouraoy  to  locate  the  missile  within  a  100  yard  sphere*6  Location 
of  tho  mleelle  to  within  80  yarde  range  and  within  one  or  two  mile  in  aslmuth 
and  elevation  ie  obtained  from  photographlo  reoords  of  a  data  box  showing 
aslmuth  and  slevation  dials  and  a  remote  2,000-yard  range  oscilloscope* 

If  the  boaoon  In  the  mlesllo  naif  unctions,  no  rooord  is  produced  in  tho 
main  radar  station  described  above*  A  secondary  radar  station  does  not  uee  the 
beaoon  and  le  provided  primarily  for  short-range  information,  within  40,000 
yarde*  This  station  employs  photographic  reoording  only* 

f  ,  - - — - -  ■-  . —  '  . . . .  '  - 

All  figures  of  aoouraoy  given  in  this  seotion  are  based  on  suoooeeful  operation 
of  tho  instruments  under  good  operating  conditions* 
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Radio  doppler  equipment  is  used  for  determining  the  position  and  the 
velocity  of  the  missile  with  respect  to  tine,  A  one-kilowatt  trauodtter 
beams  continuous  wave  radiation  along  the  trajectory  of  the  Y-2*  this 
signal  is  received  by  four  ground  stations  and  by  a  receiver  located  in  the 
missile*  the  airborne  receiver  amplifies  the  signal,  doubles  the  frequency 
and  feeds  the  higher  frequency  signal  to  a  10-watt  transmitter*  the  four 
ground  stations  receive  the  high  frequency  signal  and  mix  it  with*  the 
signal  received  directly  from  the  ground  transmitter  after  this  low-fre¬ 
quency  signal  has  also  been  doubled,  the  beat,  or  doppler  frequency,  is 
transmitted  to  a  central  recording  station  and  from  the  data  recorded,  the 
distance  to  the  rocket  from  each  of  the  receiving  stations  may  be  calculated, 
the  position  of  the  rocket  is  then  determined  by  trlangulatlon.  Inch 
quantity  taken  separately  is  accurate  within  3  meters*  the  slant  range  oan 
be  determined  with  an  accuracy  of  the  same  order,  and  when  the  distance  of  tin 
missile  is  large  compared  with  the  distance  between  the  receiving  stations, 
the  error  in  aslmuth  is  about  one-tenth  mil  and  that  of  the  quadrant  ele¬ 
vation  is  (1/10  sine  £),  where  ±  is  the  angle  aBotfc  the  horlson* 

Optical  Instruments 

Optical  instruments  used  for  obtaining  such  trajectory  data  as  position, 
velocity,  acceleration,  and  aspect  Include  the  following:  (a)  Two  Bowem-Xhapp 
cameras,  (b)  two  Mitchell  phototheodolites,  (c)  two  Askaala  phototheodolites, 

(d)  two  ballistic  cameras,  and  (e)  one  telescope  with  recording  camera* 

The  Boven-Knapp  cameras,  operating  at  30  frames  per  second,  are  used  to 
record  the  first  8000  feet  of  the  trajeetozy.  the  probable  error  in  position 
is  about  0*04  mils,  while  the  error  in  aspect  about  10  mils,  and  timing  error 
is  atflout  50  microseconds* 

The  Mitchell  phototheodolites  secure  data  during  the  first  100,000  feet 
of  the  trajectory,  and  are  run  at  10  frames  per  second*  Positional  accuracy 
is  obtained  to  a  probable  error  of  0*4  mils  and  the  timing  accuracy  is  of  the 
order  of  1/300  second* 

The  Askania  phototheedolites  observe  the  first  100,000  feet  of  the 
trajectory  or  more,  being  operated  at  a  rate  of  3*3  frames  per  second*  Po¬ 
sitional  accuracy  is  about  0*2  mils,  and  timing  accuracy  is  around  1/100  second* 

The  quadrant- type  ballistic  cameras  record  the  position  of  the  rocket 
between  30,000  and  70,000  feet*  Probable  error  in  position  is  0*04  nils  and 
timing  is  accurate  to  1/1000  second* 

The  telescope  with  recording  motion  picture  camera  is  primarily  used  for 
observation  of  the  aspect  of  the  missile  during  its  flight  in  the  upper 
atmosphere*  A  4* 5- inch  refracting  telescope  of  60  inches  prime  focus  has  been 
used*  By  means  of  an  amplifying  lens,  an  image  is  recorded  by  a  36mm  motion 
picture  camera  with  the  scale  of  the  photograph  being  1  am  to  1/3  of  a  minute 
of  aro.  The  telescope  is  located  on  a  motor  driven  mount  and  trained  with  BOX 
binoculars*  exposures  may  be  made  at  the  rate  of  16  to  32  frames  per  seoond* 

The  probable  error  in  yaw  measurements  at  250,000  feet  is  about  4  mils* 

The  master  time  signal  is  impressed  on  each  of  the  tracking  instruments* 
This  signal,  initiated  by  the  rocket  at  the  instant  it  leaves  the  launeher, 
originates  in  the  block  house  and  is  derived  from  am  80  kilocycle  crystal 
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osoillator  aoourate  to  one  port  in  50,000. 

Xn  font  xml  tho  traokirg  data  hart  bna  adaquata  for  all  experiments  per¬ 
formed  by  APL  to  data)  preoise  measurements  of  tba  trajectory  data  hart  not 
baas  required*  Xn  tha  Inatanoaa  where  radar  data  hart  not  baas  available,  a 
parabollo  trajaotory  baa  baan  assumed  aftar  foal  burn-out*  Chaoka  hart  baan 
made  using  1{hla  mat  hod  of  plotting  tha  high  altituda  trajaotory  on  fllghta 
nhara  tha  radar  data  art  available,  and  tha  oaloulatad  and  experimental  tra¬ 
jaotory  curves  agree* 

Tha  radar  t ranking  haa  loot  tha  baaoon  aignal  at  times,  ona  oauaa  for 
thia  baing  attanuation  by  tha  ionisad  exhaust  gaaaa  ivhila  tha  motor  ia  oper- 
ating*  On  tha  April  8,  1947  flight,  for  tha  first  tint,  tha  baaoon  aignal 
aaa  received  ovary  half-second  from  launching  to  fual  out-off*  Tha  lota  of 
baaoon  signal  tonard  tha  and  of  flight  is  baliavad  to  havn  baan  dna  to  tha 
tabling  of  tha  rooks t.  Vo  baaoon- radar  tracking  aaa  obtainad  on  tha  April 
1,  1947  flight  sinoa  tha  baaoon  oould  not  ba  turnad  on  prior  to  launching. 


Tha  photothsodol ita  measurements  hava  proved  to  ba  vary  ra liable 
although  aloud  formations  hava,  at  times,  obaoursd  proper  observation*  Tha 
traoking  data  giving  the  orientation  of  tha  missile  hava  not  baan  adaquata  in 
■any  oases  and  special  installations  hava  baan  made  by  APL  for  inflight  oper¬ 
ation*  This  equipment  is  desoribed  elsewhere  in  this  report* 


Tha  trajaotory  data  supplied  by  BRL  ia  reproduced  in  Figs*  4  through  15* 
Xn  tha  phototheodolite  ourvas,  tha  origin  of  tha  ooordinates  ia  taken  to  ba 
tha  launohing  site*  Tha  positive  X  coordinate  is  north  and  tha  positive  Z 
coordinate  is  east*  Tha  Y  coordinate  represents  tha  vertical*  Tha  angle  be- 
tueen  tha  trajaotory  and  tho  vertical  is  Y  ,  while  0  la  tha  angle  be¬ 
tween  tha  trajaotory  and  tha  horizontal* 


of  Altitudes  Attained  by  APL  7-2  Rooksta 


tha  period  of  this  report* 

TABLE  I 

Missile  He* 

Data 

Maximum  Alt  j 

9 

July  SO,  1948 

100 

ift.5 

Ootober  24,  1946 

65 

17 

December  17,  1946 

114 

22 

April  1,  1947 

76 

25 

April  8,  1947 

68 

Power  for  V-2  Experiments 

The  souroe  of  power  for  operating  instruments  in  tha  7-2  and  tha  oirouits 
required  for  ita  distribution  are  described  in  this  seotlon  of  tha  report* 


Batteries 


Primary  power  fbr  operating  tha  esperlnental  equipment  in  tha  7-2  is 
obtained  from  a  bank  of  8-volt  lead-acid  storage  batteries  installed  in  the 
warhead*  This  souroe  operates  tha  eleotronio  tuba  heaters  and  tha  generators 


TRAJECTORY  0FA-4(V-2) 
ROCKET  LAUNCHED  30  JULY  1946 
BASED  ON  ASKANIA 
PHOTOTHEODOLITE  MEASUREMENTS 
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TRAJECTORY  OF  A -4(V-2) ROCKET  LAUNCHED  30  JULY  1946 

BASED  ON  ASKANIA  PHOTOTHEODOUTE  POSITIONS  AND  TRAJECTORY  ANGLE, 
DOPPLER  RADIAL  VELOCITIES,  AND  OBSERVED  IMPACT  RANGE. 

A  PARABOLIC  PATH  AFTER  FUEL  CUT-OFF  ASSUMED. 


TIME  OF  MAXIMUM  VELOCITY_ - 71  sec. 

MAXIMUM  VELOCITY _ 5152  ft./sec. 

TRAJECTORY  ANGLE  FROM  VERTICAL - 11.3* 

ALTITUDE  AT  71  sec _ 132,790  ft 

MAXIMUM  ALTITUDE _ 100.4  miles 

RANGE  TO  IMPACT _ 69.3  miles 
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Trajectory  of  A- 4  (V-2)  RocLet  Launched  30  July  1946 
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Rocket  Launched  1  April  1947 
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TRAJECTORY  OF  A* 4  (V-2)  LAUNCHED  8  APRIL  1947  BASED 
ON  MITCHELL  PHOTOTHEODOLITE  OBSERVATIONS 
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Trajectory  of  A-4  (V-2)  Socket  Launched  8  April  1947 
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TRAJECTORY  0FA-4(V-2) 
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1 

BASED  ON  ASKANIA 
PHOTOTHEODOLITE  OBSERVATIONS 

i  i  t  i  i  i 

1 

.  — —  — 

20,000 

0 

0  20, 

\ 

1 

PI  0.  14 

FI 3.  14  Trajectory  of  A-4  (V-2)  Rocket  Launched  8  April  1947 
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•applying  electronic  tube  plate  and  screen  current.  A  24-volt  lead-acid 
Battery  «upply  operates  various  auxiliary  circuits  such  as  timing  motors  and 
calibrators*  A  high-voltage  source  of  about  *1000  volts  is  supplied  to  the 
Teiger  tube*  from  a  special  Battery  composed  of  a  number  of  small  22. 5- volt 
hearing-aid  batteries  set  in  wax,  as  shown  in  Tig.  16. 

The  lead-aoid  oells  constituting  the  primary  power  supply  are  airoraft 
batteries  of  a  non-spillable  oonstruotion  permitting  operating  in  any 
orientation*  About  60  amperes  is  needed  to  supply  heater  ourrent  and  60 
amperes  is  required  to  operate  the  DC  generators  furnishing  plate  voltage. 

The  batteries*  shown  in  Pig.  17,  are  oapable  of  supplying  this  ourrent  for  a 
period  of  20  minutes. 

Pour  values  of  voltage  are  required  for  the  various  electronic  plate  and 
screen  circuits  and  are  provided  by  the  above  generators  which  are  capable  of 
delivering  355  volts  at  150  milllaaperes.  Voltages  used  in  most  experiments 
are  67.5,  135,  200,  and  250.  Separate  generators  supply  each  potential,  and 
dropping  resistors  reduce  the  355  volts  to  the  required  values.  In  order  to 
reduce  the  dissipation  in  the  dropping  resistors  and  cut  down  battery  drain, 
the  generators  supplying  67.5  and  135  volts  are  operated  with  an  input 
voltage  of  4  volts.  Radio  frequency  and  ripple  filters  are  provided  in  the 
output  circuit  of  each  generator. 

These  four  voltages  together  with  the  6-volt  supply  and  a  24-volt  supply 
are  fed  to  a  junction  box  which  has  a  number  of  output  plugs  whereby  voltages 
are  supplied  to  each  unit  of  the  experiment  using  a  standard  plug  and  cable 
arrangement.  Dry  batteries  (22.5-volt)  furnish  bias  voltages  which  are 
adjusted  by  a  divider  in  each  particular  unit  and  decoupled  by  a  suitable 
filter  network. 

Space  considerations  require  that  as  few  batteries  as  possible  be  used 
for  the  power  supply.  The  result  of  an  inadequate  power  supply  is  the 
probability  of  low  filament  voltage.  Since  the  plate  current  in  most  of  the 
tubes  is  of  high  value,  the  filament  current  must  be  maintained  near  the  rated 
value  to  prevent  large  changes  in  tube  characteristics.  Laboratory  tests 
Indicate  that  the  power  supplies  used  are  adequate  to  operate  the  equipment 
satisfactorily  for  a  period  considerably  in  excess  of  the  required  time  of 
flight. 

The  same  bank  of  batteries  used  on  a  flight  is  also  used  to  power  the 
equipment  during  laboratory  and  proving  ground  test  periods.  Provision  is  made 
for  charging  the  batteries  with  a  high  current,  "quick  charge"  battery  charger 
which  is  also  "floated"  across  the  battery  bank  during  the  test  use.  Thie 
method  has  proved  highly  successful,  removing  the  need  for  auxiliary  test  power 
supplies  and  attendant  changeover  switches,  and  assuring  that  flight  operating 
potentials  are  the  same  as  test  conditions. 

Control  Circuit 

A  control  circuit,  Fig.  18,  has  been  designed  that  permits  part  of  the 
experimental  equipment  in  the  V-2  to  be  turned  on  from  the  block  house  just 
prior  to  the  time  of  launching.  The  remainder  is  started  automatically  when 
the  missile  is  launched.  The  circuit  for  remote  control  allows  the  electronic 
equipment  to  be  warmed  up  before  the  flight  starts  and  in  addition  permits  a 
"ground  record". 


FIG.  18  V-2  Control  Clrcro.it 
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A  typical  control  oiroult  is  shown  in  Fig*  19*  Push  buttons  in  the 
block  house  oontrol  relay-op«rat<id  switches  in  tho  warhead  which  apply 
heater  voltage  and  plate  to It age.  A  meohanloal  interlook  in  the  blook  house 
prevents  the  plate  supply  from  being  turned  on  before  the  filament  supply  Is 
on  in  order  to  allow  filament  warm-up*  Filament  voltage  and  the  voltage  to 
the  plate-supply  generators  is  monitored  In  the  blook  house,  allowing  oper¬ 
ate  ^  personnel  to  determine  that  the  power  has  actually  been  supplied  to  the 
equipment  before  the  roohet  is  launohed*  The  relay-operated  switches  in¬ 
stalled  in  the  warhead  are  of  a  rotary  type  that  may  be  turned  off  as  well  ae 
on,  by  means  of  the  oontrol  box  In  the  block  house,  thus  pemltting  stopping 
the  reoord  in  the  event  of  a  misfire  or  a  delay  in  firing* 

The  filament  relay  has  a  contact  oapable  of  carrying  100  amporos  and  in 
the  operating  position  has  a  small  "holding  current"  through  the  ooll  in 
order  to  look  it  against  vibration*  The  plate- supply  relay,  also  of  the  rotary 
type,  has  several  decks  and  is  used  to  connect  several  separate  cir suite 
simultaneously  including  the  6-volt  and  4-volt  supplies  to  the  generatora  ae 
well  as  bias  and  24- volt  batteries* 

Voltage  is  applied  to  the  gyros  through  the  latter  relay  causing  them  to 
start  rotating  so  that  they  may  be  up  to  speed  and  stabilized  before  the 
rookat  takes  off*  A  thermal  delay  has  been  incorporated  in  the  gyro  oiroult 
to  prevent  uncaging  of  the  gyros  while  the  holding  relays  described  below  are 
being  ohanged  over  to  an  armed  position* 

The  spectrograph,  warhead  blow-off  timer,  and  earth  osmera  start  operation 
automatloally  when  the  V-2  is  launohed.  The  ground  return  of  a  normally  oloaed 
holding  relay  is  made  through  a  pull-out  plug*  This  plug,  indicated  on  tho 
oiroult  diagram,  is  automatloally  dieoonneoted  when  the  roeket  starts  to  move* 
Hhen  the  ground  return  la  broken,  the  oontrol  compartment  switoh  whloh  has 
been  held  open  by  the  relay  le  closed,  actuating  the  various  oirouits  through 
independent  oontaots  on  the  oontrol  compartment  relay  switoh.  * 

Telemetering 

The  problem  of  recording  data  was  reoognited  early  in  the  V-2  racket 
program  whan  a  telemetering  system  designed  by  the  Rocket  Sonde  Section  of  the 
Naval  Research  Laboratory  was  installed  in  the  July  30,  1946  missile*  Although 
physical  recovery  of  recording  devices  after  impact  has  4  'oved  useful  it  has 
not  been  oonpletely  reliable,  particularly  in  the  early  phases  of  the  program* 
NRL  telemetering  service  has  been  highly  successful  lm  recording  many  kinds  of 
data,  and  uaioh  of  the  success  of  the  research  program  has  been  due  to  this* 

Upper  Atmosphere  Research  Report  Ho*  lg  oontains  a  complete  description 
of  the  Wohnioal  derails  of  tiie  system*  Briefly,  it  is  a  time-modulated  pulse 
system  whloh  delivers  higher  peak  power  at  a  lower  average  power  oonsunption 
than  a  continuous  carrier  system*  It  operates  at  about  1000  megaoyolee,  a 
frequency  high  enough  to  penetrate  the  ionosphere*  The  data  voltages  from 
experimental  equipment  are  converted  into  time  Intervals  defined  by  voltage 


s - — - -  ~ 

TG-29,  "High  Altitude  Researoh  of  the  Applied  Physios  Laboratory," 
October  8 ,  1947 • 


FIS.  19  Control  Circuit  Components 
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pulses.  The  data  voltages  are  sampled  in  a  specific  order  and  are  used  to 
generate  pulses,  the  time  intervals  between  which  correspond  to  the  magnitude 
of  the  sampled  data  voltages.  The  intervals  maintain  the  same  time  sequence 
as  the  sampled  voltages,  the  pulse  marking  the  end  of  one  interval  serving  as 
the  initial  pulse  of  the  succeeding  interval.  A  complete  sampling  of  all 
data  voltages  is  taken  periodically  and  used  to  form  a  group  of  time  intervals 
whioh  correspond  in  length  to  the  magnitude  of  the  sampled  data  voltages. 

The  intervals  maintain  the  same  time  sequence  as  the  sampled  voltages,  the 
pulse  marking  the  end  of  one  interval  serving  as  the  initial  pulse  of  the 
succeeding  interval.  A  complete  sampling  of  all  data  voltages  is  taken  peri¬ 
odically  and  used  to  form  a  group  of  time  intervals.  A  master  keyer  ini¬ 
tiates  the  taking  of  each  group  of  data  at  a  uniform  rate.  The  distinction 
between  different  groups  is  made  possible  by  allowing  for  a  sufficiently 
long  time  before  the  initial  pulses  of  each  group.  For  this  reason,  the 
Interval  between  the  last  pulse  of  one  group  and  the  first  of  the  next  is  made 
very  much  longer  than  any  of  the  measured  intervals. 

The  voltage  pulses  are  transmitted  from  the  rocket  and  received  by  ground 
stations  which  decode  ana  record  the  data.  Several  methods  of  recording  the 
data  voltages  are  used,  Including  a  record  on  a  moving  strip  of  photographic 
paper  made  by  Hathaway  magnetic  string  oscillographs,  and  a  motion  picture 
record  of  the  meter  panel.  A  wire  recording  is  made  of  the  signal  taksn  off 
before  the  decoder  as  a  precaution  against  decoder  failure.  The  master  time 
signal  is  impressed  on  each  of  the  various  recording  devices. 

The  over-all  response  of  the  telemetering  system  is  very  nearly  linear. 

A  careful  determination  of  the  departure  from  complete  linearity  is  made  for 
each  channel  prior  to  a  flight.  A  typical  example  of  the  type  calibration 
curve  obtained  is  shown  in  Fig.  20.  It  will  bs  noted  that  the  per  cent  of 
maximum  output  voltage  obtained  for  a  given  input  voltage  is  plotted  against 
the  input  voltage.  During  actual  flight,  two  known  voltages  are  periodically 
and  alternately  applied  at  the  input  of  each  channel  requiring  specific  cali¬ 
bration.  This  provides  two  known  points  on  the  calibration  curve.  It  is 
assumed  that  even  though  there  may  be  a  drift  in  the  magnitude  of  the  output 
for  a  given  input,  the  fora  of  the  calibration  curve  remains  unchanged.  The 
over-all  accuracy  of  the  telemetering  system,  neglecting  error  introduced  by 
the  data  gathering  Instruments,  has  been  estimated  by  the  Naval  Research  Labora¬ 
tory  to  be  roughly  +  5  per  cent. 

A  50-microsecond  time  .interval  is  allowed  for  zero  data  voltage,  and  a 
200-microsecond  time  interval  for  +  5-volt  data  voltage.  Between  cycles,  600 
microseconds  are  allowed;  thus,  since  there  are  in  all  23  channels,  the  various 
data  voltages  are  each  sampled  a  maximum  of  192  times  per  second.  Since  the 
response  of  the  string  galvanometers  is  adequate  up  to  1000  cps,  the  resolution 
is  limited  by  the  sampling  rats. 

It  has  been  oustomary  to  assign  15  or  16  of  the  25  channels  to  the  agenoy 
responsible  for  the  instrumentation  for  the  particular  flight*  If  the 
rate  of  sampling  is  not  required*  meonanloal  subocnratation  may  be  aooamplishad 
by  a  meohanioal  ooranutator.  This  procedure  has  been  successfully  used  in  taking 
the  gyro  measurements  of  the  pltoh  and  yaw  of  the  rocket# 

Figure  21  is  a  seotlon  of  the  URL  telemetering  record  and  Fig#  20  the 
over-all  calibration  curve  of  one  ohazmel* 


FIG.  30  Calibration  Curve  for  Telemetering  Channel  Eo.  6 
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Pete  Recording  and  Recovery 


Certain  types  of  data,  solar  spectra  for  example,  are  not  readily 
adaptable  to  transmission  by  the  telemetering  system  discussed  in  the  pro¬ 
ceeding  chapter*  It  is,  therefore,  desirable  to  make  records  within  the 
warhead  during  the  V-2  flight  and  to  recover  these  reoords  after  the  missile 
has  returned  to  the  earth*  The  flight  of  May  10,  1946  indicated  that  great 
care  would  be  required  if  physical  recovery  of  equipment  or  reoords  was  to 
be  achieved  after  impact*  After  this  flight,  an  extensive  search  of  the 
impact  crater  and  surrounding  area  failed  to  recover  any  of  the  rocket 
instrumentation*  In  the  preoeding  flight  only  a  few  pieces  of  equipment  were 
found  after  impact,  in  spite  of  the  fact  that  this  rocket  rose  to  an  altitude 
of  only  14,000  feet* 

Two  possibilities  for  increasing  the  ohanoes  for  physical  recovery  after 
impact  seemed  worthy  of  investigation*  The  first  was  to  render  the  missile 
more  unstable  when  it  re-entered  the  atmosphere  and  thus  reduce  Its  terminal 
velocity*  The  second  possibility  was  to  eject  equipment  near  the  end  of 
flight  and  reduce  the  velocity  of  the  ejected  equipment  by  some  trailing 
devloe*  The  use  of  paraohutes  to  lower  all  or  part  of  the  missile  was  con¬ 
sidered.  It  was  felt,  however,  that  t*e  development  of  paraohutes  to  operate 
under  the  exacting  conditions  involved  wmld  be  a  lengthy  process  and  that  some 
more  portions  of  the  equipment  could  be  designed  sufficiently  rugged  to  with¬ 
stand  a  relatively  high  lmpaot  velocity. 

In  June  1946  the  Hew  Mexico  School  of  Mines  began  work  on  the  reoovery 
problem,  operating  under  a  Bureau  of  Ordnance  contract  and  under  the  techni¬ 
cal  direotion  of  APL.  The  systems  developed  for  warhead  blow-off  and  for 
ejection  are  described  in  the  following  paragraphs. 

Warhead  Blow-off  Technique 

It  was  thought  that  if  the  V-2  imre  separated  by  explosion  into  two 
sections  as  it  entered  the  atmosphere  the  velocity  at  impact  would  be  consider¬ 
ably  reduced  sinoe  the  pieces  would  possess  less  aerodynamic  stability  than 
the  whole  rocket.  Consideration  was  given  to  the  following  methods  of  reducing 
aerodynamio  stability t 

1.  Blow-off  of  talL-fins  with  a  small  amount  of  explosive 
to  render  the  missile  so  unstable  that  it  would  break 
up  through  inherent  structural  weakness. 

2*  Separation  of  the  missile  by  explosives  au  the  junction 
of  the  control  compartment  and  fuel  section. 

S*  Separation  of  the  warhead  from  the  body  of  the  V-2  by  a 
small  amount  of  explosive  on  the  struts  adjacent  to  the 
warhead  at  the  top  of  the  oontrol  compartment. 

The  firet  method  was  discarded  largely  because  of  difficulties  involved 
in  ineta llatlon  and  the  laok  of  assurance  that  it  would  guarantee  separation. 
The  seoond  method  was  not  used  beoause  of  the  possibility  of  the  light  control 
seotion  offering  sons  stabilization  to  the  falling  warhead.  Sinoe  the  third 
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method  seemed  to  be  the  most  practical,  it  was  adopted  and  developed  by  the 
New  Mexico  Sohool  of  Mines# 

The  Naval  Research  Laboratory  had  already  attempted  warhead  blow-off  in 
a  flight  just  prior  to  the  APL  flight  of  July  30,  1946#  One-pound  charges  of 
TNT  were  placed  on  eaoh  of  the  four  struts  of  the  control  compartment,  but 
this  did  not  effect  separation  of  the  warhead  from  the  main  body  of  the  V-2. 

It  was,  therefore,  apparent  that  a  larger  charge  should  be  used  in  the  APL 
attempt# 

On  the  July  30,  1946  flight,  one  pound  eaoh  of  TNT  and  nitrostaroh  were 
bolted  to  eaoh  of  the  four  main  struts  of  the  control  compartment  *  These 
were  fired  from  a  oerrtral  souroe  by  dual  strands  of  primacord  actuated  by  two 
No.  3  eleotrio  oaps#  Warhead  blow-off  was  successful,  and  the  main  body  of 
th8  rocket  pancaked  on  the  desert  with  no  crater  (Figs.  22,  23,  24),  This  was 
a  notable  achievement,  demonstrating  that  the  velooity  at  impact  was  greatly 
reduced  by  severing  the  warhead  on  descent#  However,  despite  a  diligent 
search,  the  warhead  was  never  located.  It  is  believed  that  the  explosive  charge 
was  exoessive  and  destroyed  the  warhead  assembly.  On  October  24,  the  saire 
procedure  was  followed  except  that  a  two-pound  charge  of  TNT  was  used  on  eaoh 
of  the  struts#  Only  tne  base  plate  of  the  warhead  was  found.  It  was  punctured 
and  apparently  had  been  torn  from  the  cone  by  an  excessive  amount  of  explosive. 
On  several  later  flights,  the  charges  were  moved  to  a  position  13  inches  below 
the  warhead,  but  this  did  not  conclusively  affect  the  chance  for  warhead  re¬ 
covery#  On  the  April  8,  1947  flight,  the  charge  was  reduced  to  one  pound  placed 
on  each  strut  just  below  the  base  plate,  with  the  result  that  the  warhead  was 
recovered  in  one  piece.  The  base  plate  was  not  punctured,  as  on  the  October  24, 
1947  flight  when  the  two-pound  charge  w&3  used,  but  was  bent  so  as  to  indicate 
that  the  charge  had  been  the  cause  of  the  separation.  Figure  25  shows  a  warhead 
as  found  on  the  desert  and  Fig,  26  after  excavation. 

The  altitude  at  which  blow-off  occurs  ia  an  important  factor  controlling 
recovery  possibilities,  the  optinrim  being  between  20  and  30  miles#  If  blow-off 
is  effeoted  at  a  lower  altitude,  the  terminal  velocity  of  the  parts  is  not 
reduced  sufficiently,  and  if  it  occurs  at  a  greater  height  the  parts  are 
scattered  over  an  unnecessarily  large  area,  A  mechanical  timing  device  was  de¬ 
signed  and  was  set  to  detonate  the  explosive  at  330  seconds,  since  this  WDuld 
allow  the  rocket  to  reaoh  the  peak  of  its  trajectory  on  a  100-mile  flight  but, 
on  a  short  60  mile  flight,  warhead  blow-off  would  still  be  effected  before  the 
missile  reached  the  ground. 

The  timing  device  used  was  a  cam-actuated  switch  driven  by  a  geared-down 
27  volt  d-c  motor,  shown  in  Fig,  27,  Safety  precautions  were  observed  in  the 
circuit  until  the  instant  of  firing  in  order  to  prevent  premature  detonation 
of  the  charges  on  the  ground.  An  additional  safety  device  independent  of  the 
motor  operation  was  provided  by  a  pressure-actuated,  unshorting  switch  cali¬ 
brated  to  open  at  15,000  feet.  Installation  of  the  warhead  blow-off  timer  in 
the  control  oompartment  is  shown  in  Fig.  28, 

Radio  control  of  blow-off  replaoed  the  mechanical  timer  on  the  April  8, 

1947  and  subsequent  flights.  The  same  reooiver  used  for  radio  oontrol  of  fuel 
out-off  was  employed  successfully  in  this  operation. 

Warhead  blow-off  on  all  flights  from  that  of  July  30,  1946,  through 
April  8,  1947  was  normal  with  the  exception  of  the  December  17,  1946  flight  and 
ocoured  at  the  desired  time.  On  the  December  17  flight,  the  missile  sopa- 
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rated  at  440  seconds,  presumably  from  collapse  or  explosion  of  the  fuel  tanks* 
Apparently,  either  the  timing  equipment,  tail  launching  switch,  or  connections 
failed,  although  sufficient  parts  were  not  recovered  to  ascertain  the  cause 
of  failure.  Warhead  blow-off  has  proved  a  satisfactory  and  dependable  method 
of  lowering  the  terminal  velocity  to  a  few  hundred  feet  a  second,  enough  to 
achieve  reasonably  good  physical  recovery  of  recorded  data  such  as  exposed 
Bpectro graphic  and  movie  film  protected  by  thick-walled  cassettes. 

Equipment  Ejection  Device 

A  device  was  developed  and  tested  by  the  New  Mexico  School  of  Mines  for 
the  ejection  of  equipment  during  flight. 

A  cylindrical  container  3  1/2  by  10  1/2  inches,  shown  in  Fig.  29,  hold¬ 
ing  three  recording  units,  retardation  equipment  for  the  container,  a  ten- 
minute  flare  for  night  location  of  the  container  or  a  smoke  generator  for  day 
use,  and  a  package  of  powder  to  burst  on  impact  was  designed  to  fit  in  the 
ejection  cylinder  to  bu  installed  in  the  warhead.  Connection  to  the  recording 
equipment  was  made  through  a  multiple-connection  pull-out  plug.  The  retarding 
device  was  a  series  of  dural  discs,  polished  to  aid  recovery,  strung  on  a 
twelve-foot  length  of  one-eighth  inch  aircraft  control  cable.  A  sectional 
steel  tube  surrounded  the  discs  and  transmitted  the  propelling  force  directly 
to  the  top  of  the  flare  container.  This  tube  was  automatically  discarded  upon 
leaving  the  launcher,  allowing  the  retardation  discs  to  string  out.  The  pro¬ 
pellant  finally  adopted  was  made  up  of  about  42  grams  of  105mm  howitzer  pro¬ 
pellant  and  10  grams  of  black  powder,  detonated  with  a  No.  6  electric  blasting 
cap.  When  weighted  wooden  blocks  were  used  to  simulate  equipment,  this  mixture 
was  found  to  be  relatively  slow^burning  and  to  provide  positive  ejection  without 
damaging  the  launcher  or  equipment.  Ejection  was  timed  for  320  seconds,  to  be 
accomplished  by  the  warhead  blow-off  timer.  The  ejecting  end  of  the  ejection 
cylinder  was  solder-sealed  with  a  brass  plate  to  maintain  the  pressurization  in 
the  warhead.  In  addition,  the  propellant  end  was  provided  with  a  ga3keted, 
flanged  end  plate  to  allow  insertion  of  the  propellant  after  all  other  instal¬ 
lations  were  complete. 

Tests  of  the  assembled  equipment  which  indicated  that  recovery  might  be 
possible  were  made  by  dropping  it  from  an  airplane  at  about  5000  feet.  The 
blue  water-color  paint  powder  was  distributed  over  an  area  about  15  feet  in 
diameter.  The  ejection  equipment  was  installed  in  the  warhead  for  the  October 
24,  1946  flight,  but  during  the  final  pressure  tests  of  the  warhead,  the  safety 
factor  for  the  unit  was  exceeded  and  the  equipment  was  damnged  to  some  extent. 

As  too  little  time  remained  to  effect  repairs,  the  ejection  opening  (Fig.  30) 
was  welded  over  and  this  part  of  the  test  cancelled.  This  equipment  has  not  been 
included  on  any  of  the  other  flights  to  date. 

Recording  Equipment 

Various  types  of  recording  apparatus  have  been  installed  in  the  rockets 
to  record  data  during  the  actual  flight.  Satisfactory  recovery  of  photographic 
film,  used  in  the  spectrographs  and  in  the  various  cameras,  has  been  achieved 
in  a  number  of  instances.  The  details  of  the  various  models  used  to  protect 
film  are  given  in  the  discussion  of  the  instruments  in  which  films  are  used. 
Electric  recording  devices  have  been  installed  in  connection  with  the  Geiger 
tubes,  gyro  orientert,  and  other  such  devices.  These  data  have  also  been  tele- 
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Unequipped  Warhead  Shoving  Location  of  Grenade  Launcher  and 
Equipment  Ejection  Porte 


FIG,  31  Brass  tape  Recorder  and  Steel  Protecting  Cylinder 
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metered  to  ground  stations*  Sinoe  these  eleotrio  recorders  have  been  of 
several  types  and  sinoe  to  date  no  data  have  been  obtained  through  their  use 
(only  two  ware  ever  recovered),  ths  description  of  the  recorders  will  be  brief* 

Preliminary  consideration  was  given  to  a  magnetic  wire  recorder  but  this 
was  never  used  sinoe  tests  indicated  that  the  wire  would  be  liable  to  tangle 
badly  at  impact.  A  second  type  of  recorder  using  a  rotating  steel  drum  punched 
by  a  series  of  solenoid-operated  needles  was  used  in  the  July  30,  1946  warhead 
which  was  never  found,  and  also  on  the  October  24,  1S46  miGsile  where  the  drum 
did  not  revolve,  presumably  because  of  the  acceleration  of  the  rocket.  Use  of 
the  steel  drum  recorder  was  discontinued  beoause  of  the  problem  of  driving  such 
a  heavy  mechanism  and  because  of  the  difficulty  involved  in  reducing  the  record. 
The  next  recorder  used  was  made  from  the  small  6-channel  paper  reoorder  shown 
in  Fig.  33  modified  to  use  a  brass  tape  on  which  solenoid-operated  needles  punched 
a  small  dot  for  eaoh  impulse.  The  tape  was  protected  by  a  steel  cylinder  one- 
half  inch  thick  with  wood  packing  as  shown  in  Fig.  76.  The  brass  tape  recorders 
were  used  in  the  April  16,  1946,  May  10,  1946,  October  24,  1946,  December  17, 

1946  and  April  1,  1947  missiles,  but  none  was  recovered.  Figure  31  shows  the 
recorder  cylinder  mounted  in  the  V-2. 

Since  a  suff  icient  supply  of  brass  tape  recorders  was  not  available  to 
permit  use  in  future  V-2  rockets,  work  was  started  on  a  photographic  reoorder 
in  which  small  flashing  neon  lights  expose  35tnm  film.  With  a  lens  aperture  of 
f:3.5  and  a  focal  length  of  2  inches,  it  has  been  possible  to  reoord  20 
ohannels  with  a  resolution  of  better  than  100  counts  per  second. 

Such  a  recorder  was  hurriedly  constructed  for  use  in  the  April  8,  1947 
missile,  but  unfortunately  did  not  operate  beoause  of  insufficient  motor  driving 
power.  A  new  design  has  been  made  with  a  stronger  motor  and  proper  film  a- 
lignment  providing  for  50  feet  of  film  to  be  reeled  up  into  an  armored  cassette. 

A  timing  signal  derived  from  motor-driven  commutators  or  from  a  resistance- 
capacitance  oscillator  was  imposed  on  each  of  the  various  recording  devioes. 

For  most  laboratory  test  purposes,  a  20-channel  Esterline-Angus  pen 
recorder  has  been  used.  These  recorders  have  proved  to  be  of  great  value, 
allowing  visual  inspection  of  all  channels  simultaneously  during  operating 
tests .  A  section  of  the  ground  test  reoord  so  obtained  is  shown  in  Fig.  32. 

Impact  Area  Search 

The  location  of  the  inpact  area,  and  the  searching  of  this  area  for 
recoverable  equipment,  has  developed  from  a  hlt-or-miss  attempt  by  a  large 
number  of  untrained  men  into  a  skilled,  coordinated  effort  by  a  few  trained  men. 
Warhead  blow-off  has  eliminated  the  need  for  extensive  searohing  parties  and 
digging  operations,  sinoe  the  equipment  remains  on  the  surface  of  the  ground 
after  its  terminal  velocity  has  been  reduced  by  the  separation  of  the  miss ile , 
rather  than  forming  the  large  craters  common  before  the  blow-off  technique  was 
perfected.  Recovery  In  the  April  8,  1947  flight  was  100  per  cent  successful. 

In  the  early  flights,  the  impact  area  was  usually  70  to  100  miles  from 
the  launching  sit©  and  in  a  terrain  unfavorable  to  reoovery.  Growth  often  ob¬ 
scured  vision  to  distances  no  greater  than  10  feet  and  the  timo  consumed  in 
traveling  to  and  from  the  impact  area  often  took  a  major  part  of  the  working  day. 
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On  tha  July  30,  1946  recovery,  for  exaapl#,  a  number  of  searcher •  ware 
assigned  by  the  commanding  officer  of  the  1st  folded  Missile  Battalion,  Tori 
Bliss,  Texas.  The  men  were  stationed  in  long  lines  at  intervals  of  about  10 
feet,  and  searched  an  area  of  about  10  square  miles  in  three  days. 

Current  search  parties  consist  of  about  10  experienced  men;  larger 
parties  are  organised  only  if  the  critical  items  are  not  found  in  a  reasonable 
vise*  Air  reconnaissance  pl&net  report  the  impact  point-  Ground  observers 
at  10  mile  intervals  are  stationed  along  the  expected  trajectory  and  with  their 
aid,  communication  is  maintained  between  the  search  party  and  the  spotters. 

In  cooperation  with  the  A nny  Ordnance  Department  at  White  Sands,  an 
aerial  survey  was  made  to  determine  which  areas  of  the  proving  ground  would 
be  desirable  for  the  impact  areat  and  recent  flights,  a  new  programming  of 
the  flight  hAs  been  used  in  an  attempt  to  ba.ve  impact  occur  in  a  more 
accessible  region  where  growth  is  not  excessive.  Thie  new  programming  has 
greatly  reduced  the  effort  required  for  recovery. 

Aerial  reconnaissance  is  maintained  over  the  impact  area,  which  is 
usually  from  6  to  8  miles  long  and  2  to  4  miles  wide,  to  lead  in  the  search 
party  end  to  locate  equipment  strewn  wi thing  the  impact  area.  The  equipment 
has  been  found  to  form  a  rather  consistent  pattern,  and  from  the  location  of 
a  few  pieces  of  the  equipment  the  experienced  searchers  can  predict  where  the 
reet  of  the  equipment  will  probably  be.  It  has  been  noted,  for  example,  that 
all  the  equipment  contained  in  the  warhead  will  be  found  in  one  relatively 
small  area  and  all  the  equipment  in  the  main  body  and  tail  section  will  be 
found  in  another  small  area.  The  equipment  in  the  control  compartment,  which 
is  blown  apart  high  in  the  air  by  the  warhead  blow-off,  is  scattered  over  a 
wider  area. 

A  summary  of  apparatus  recovered  on  various  flights  is  presented  in 
Table  II* 
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Date 

Item 

Location 

Recovered 

Not  Recovered 

July  20,  1946 

Two  steel  drum  recorders 

Warhead 

X 

Alpha  particle  film 

Warhead 

X 

October  24, 

Three  brass  tape  recorders 

Wa  rhead 

X 

1946 

Three  steel  drum  recorders 

Control  Compartment 

X 

Spectrograph 

Tail 

X 

Earth  Camera 

Kidbody 

X 

December  17, 

Alpha  particle  film 

Control  Compartment 

X 

1946 

Erast  tape  recorders 

Warhead 

Jfc 

Brass  tape  recorders 

Control  Compartment 

X 

Grenade  camera 

Control  Compartment 

X 

Fungus  spores 

Warhead 

X 

April  1,  1947 

Yerkes  spectrograph 

Tail 

X 

AFL  spectrograph 

Warhead 

X 

Earth  camera 

Control  Compartment 

X 

Eight  alpha  particle  films 

Control  Compartment 

X 

Three  brass  tape  recorders 

Control  Compartment 

X 

April  8,  1947 

Neon  recorder 

Control  Compartment 

X 

Spectrograph 

Warhead 

X 

Earth  Camera 

Control  Compartment 

X 
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Chapter  III 
COSMIC  RAY  STUDIES 
Preliminary  Cosmic  Ray  Experiments 


The  April  16  and  May  10,  1946  V-2  rookete  •were  equipped  with  the  origi¬ 
nal  German  warhead  in  which  the  space  was  not  definitely  assigned  to  any  par¬ 
ticular  group  fc"  scientific  purposes.  The  Applied  Physics  Laboratory  was 
offered  the  opportunity  of  doing  a  simple  experiment  in  the  first  and  third 
V-2  missiles  for  the  purpose  of  gaining  experience  with  rocket  instrumentation. 
Particular  points  of  interest  to  APL  were  (a)  a  preliminary  survey  of  cosmic 
rays  at  high  altitudes,  (b)  design  specifications  for  mounting  quipment,  (c) 
type  of  equipment  practical  for  use  in  rockets,  (d)  whether  this  equipxwnt 
would  operate  under  in-flight  conditions,  (e)  and  recovery  possibilities. 

Virtually  the  same  type  of  equipment  was  flown  on  each  of  the  two  flights. 
A  single  Geiger  tube  shielded  by  an  inch-thick  lead  cylinder  was  used,  together 
with  a  high  voltage  power  supply  made  up  of  small  hearing-aid  batteries.  A 
simple  three-tube  circuit  formed  the  Geiger  pulses  to  the  proper  shape,  ampli¬ 
tude  and  signal  level  to  operate  a  small  motor-driven  solenoid  recorder  which 
punched  on  a  moving  brass  tape.  Circuits  were  actuated  by  a  gravity  switch 
where  the  initial  acceleration  closed  an  interlock  system  applying  potentials 
to  the  circuits  and  starting  the  recording  meohanism.  Also  included  was  a  roll 
of  exposed  35  mra  film. 

All  the  instrumentation  illustrated  in  Fig.  33  was  built  into  a  unit 
fitting  into  the  housing  shown  in  Fig.  34.  This  housing,  or  top  hat,  measured 
about  13  x  15  inches  and  was  pressurized  at  atmospheric  pressure.  The  sealed 
unit  was  bolted  in  a  hole  in  the  base  plate  of  the  German  warhead.  The  unit 
waB  entirely  self- starting,  self-powered,  and  self-recording.  No  telemetering 
was  available  for  the  flights. 

Because  of  operational  failure  of  the  missile,  the  April  16  flight  reached 
only  14,000  feet.  The  warhead  was  recovered  and  the  cylinder  shown  in  Fig.  36, 
was  returned  for  examination.  It  was  found  that  the  recorder  had  not  operated, 
presumably  from  the  lack  of  sufficient  acceleration  on  the  gravity  switch  whioh 
was  set  to  operate  at  4g.  The  previously  exposed  film  was  recovered  in  good 
condition  and  was  satisfactorily  developed.  On  the  May  10  flight  the  rooket 
attained  an  altitude  of  90  miles  and  formed  a  large  crater  upon  impact.  Con¬ 
siderable  effort  was  expended  in  arranging  and  conducting  excavation,  but  no 
indication  of  the  warhead  was  ever  found. 

Equipment  and  Circuits  for  V-2  Cosmic  Ray  Experiments 
Cosmic  Ray  Telescopes 

Use  of  the  coincidence  technique  as  applied  in  Geiger  counter  telescopes 
permits  the  connection  of  counters  in  such  a  manner  that  several  must  discharge 
simultaneously  or  within  an  assignable  time  interval  of  each  other.  Thus,  it 
becomes  possible  to  determine  the  direction  of  a  particle  by  the  use  of  two  or 
more  counters  plaoed  in  line.  Multiple  coincidences  permit  analysis  of  the 
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710*  35  Condition  of  Cosmic  Ray  Recorder  Cylinder  After  Impact 

complex  ionizing  phenomena  encountered  in  the  cosmic  radiation  in  which  an 
Ionizing  particle  may  hy  followed  as  it  traverses  matter  and  generate#  secon¬ 
dary  particles  with  various  characteristics. 

The  Geiger  counters  used  in  the  cosmic  ray  investigations  are  furnished 
by  the  Geophysical  Instrument  Company  of  Arlington,  Virginia,  and  are  one  inch 
in  diameter  and  eight  inches  long,  with  a  1/ 33-inch  copper  wall.  The  central 
electrode  is  a  three-mil  tungsten  wire  providing  approximately  a  six-inch 
active  length.  The  lower  knee  of  the  plateau  occurs  at  900  volts  and  the 
upper  knee  at  1150  volts.  Plateau  slope  is  held  within  five  per  cent  per  100 
volts.  The  tubes  are  operated  at  1080  volts,  being  selected  so  that  all  tubes 
are  operated  at  a  fixed  voltage. 

Measuring  five-fold  vs.  four-fold  coincidences  with  counter  tube  axes 
in  the  same  vertical  plane  has  given  an  efficiency  of  99.1  per  cent  for  these 
tubes.  The  effective  dead  time  measured  as  time  for  the  pulse  envelope  to 
return  to  one-half  of  full  value  under  forced  counting  has  shown  an  effective 
dead  time  of  250  microseconds. 

The  Geiger  tube  cases  are  operated  at  ground  potential,  the  central 
electrode#  being  at  1080  volts  through  1  megohm  with  the  output  pulse  coupled 
through  50  micro-microfarads.  Each  Geiger  tube  is  operated  directly  into  a 
cathode  follower  circuit,  allowing  impedance  cables  to  bo  used  to  carry  the 
telescope  pulse  through  low  impedance  cables  to  associated  mixers,  scales, 
etc. 
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710*  36  Fundamental  Geiger  Tube  Circuit 


Cathode  Follower  Circuits 

One  of  the  most  useful  devices  for  rocket  instrumentation  is  the  cathode 
follower,  a  degenerative  vacuum  tube  circuit  in  whicn  the  inverse  feedback  is 
obtained  by  virtue  of  an  unbypassed  cathode  resistor  across  which  the  output  is 
taken.  The  circuit  is  essentially  an  impedance-matching  or  impedance-lowering 
device  having  less  than  unity  again.  Its  high  input  impedance  and  very  low  out¬ 
put  impedance  render  it  particularly  suitable  for  coupling  between  pulse 
generating  or  pulse  transmitting  circuits  ar.d  inter-connecting  cables  or  shunt 
capacitance  which  otherwise  might  cause  objectionable  loading  effects.  The 
cathode-follower  output  "follows"  the  gri^-input  volthge  and,  hence,  is  of  the 
same  polarity,  so  that  the  device  shows  no  phase  shift.  This,  together  with  the 
high  input  impedance,  low  output  impedance,  and  low  distortion,  makes  the 
cathode  follower  circuit  useful  throughout  the  V-2  instrumentation  where  the 
majority  of  the  signals  are  in  the  form  of  pulses. 

The  coupling  condenser  and  cathode  follower  for  each  individual  Geiger 
tube  of  the  telescope  is  mounted  directly  on  the  telescope  and  shielded  to 
reduce  interference  and  crosstalk.  From  the  cathode  followers,  shielded  cables 
carry  the  pulsee  to  associated  equipment.  By  these  precautions,  crosstalk  has 
been  reduced  to  a  negligible  figure.  The  fundamental  Geiger  tube  circuit  it 
shown  in  Fig.  36. 
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Scaling  Circuits. 

The  telescopes  are  mounted  in  the  doors  of  the  warhead  and  arrar^ed  so 
that  the  top  two  are  external  to  the  warhead  proper  and  exposed  to  the  atmosphere, 
with  the  exception  of  a  thin  plywood  cover.  Inasmuch  as  the  counting  rate  of 
these  two  tubes  is  of  such  magnitude  that  it  is  not  possible  to  resolve  the 
pulses  on  either  the  telemetering  record  or  by  means  of  mechanical  recording 
apparatus,  it  has  become  necessary  to  reduce  the  rate  by  the  use  of  a  "scaling 
circuit"  or  electronic  counter.  One  seotion  of  this  circuit  is  shown  in 
Fig.  37.  This  allows  resolution  of  closely  spaced  double  counts,  a  condition 
highly  probable  on  statistical  grounds,  and  one  which  would  yjild  a  single 
count  on  the  average  mechanical  system.  The  scaler  used  is  a  scale  of  eight 
consisting  of  four  binary  stages  connected  in  tandem.  Eaoh  double  vacuum  tube 
is  connected  with  appropriate  components  to  form  a  stage  which  has  two  distinct 
conditions  or  equilibrium.  In  the  first,  one  of  the  two  tube  sections  is 
conducting,  while  in  the  seoond  condition  the  other  section  conducts.  Either 
of  these  static  conditions  continues  to  exist  until  the  circuit  is  triggered  by 
a  negative  pulse  at  the  appropriate  input  point  of  the  stage.  Four  stages  in 
tandem  operate  in  a  binary  sequence  so  that  each  two  counts  or  operations  of  a 
given  stage  results  in  one  count  or  operation  of  the  next.  Thus,  eight  input 
counts  will  produoe  one  output  count. 

In  the  present  design,  interstage  amplifiers  are  used  between  each 
trigger  pair  for  the  purpose  of  transmitting  pulses  of  only  one  sign, and  also 
for  the  purpose  of  amplifying  the  pulse. 
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Coincidence  Circuits 

A  typical  Rossi  coincidence  circuit  as  used  with  the  cosmic  ray  tele¬ 
scopes  is  shown  in  Fig.  38.  The  essential  feature  of  this  circuit  is  that  the 
plates  of  the  Yacuum  tubes  are  connected  in  parallel  and  supplied  with  plate 
potential  through  a  common  load  resistor.  The  grids  are  connected  to  the 
cathodes  so  that  in  the  absence  of  a  count,  all  tubes  are  conducting.  Upon 
arrival  of  a  negative  pulse  on  the  grid  of  any  tube,  conduction  ceases,  and  the 
tube  becomes  a  high  resistance  in  the  circuit  in  contrast  to  its  effect  as  a 
low  resistance  In  the  conducting  state.  The  potential  across  the  common  plate 
load  resistor  is,  therefore,  determined  by  the  equivalent  of  a  system  of 
parallel  resistances.  If  all  tubes  but  one  become  nonconducting  (high  re¬ 
sistance)  there  is  a  condition  of  two  high  resistances  in  shunt  with  one  low 
resistance.  Since  most  of  the  current  will  flow  through  the  low  resistance, 
tubes  cease  to  conduct,  by  virtue  of  a  simultaneous  negative  pulse  to  each,  the 
change  in  potential  of  the  plate  circuit  becomes  substantial  and  a  large  pulse 
in  the  output  circuit  occurs.  The  outputs  of  the  coincidence  circuits  are  applied 
to  a  cathode  follower  whdre,  as  before,  the  low  impedance  output  property  of  this 
circuit  allows  the  use  of  long  interconnecting  low  impedance  cables. 

Figure  39  shows  the  arrangement  of  Geiger  counters,  cathode  follower  and 
coincidence  circuits  as  used  in  the  cosmic  ray  experiments. 


Scaling  Circuit 


52 


BUMBLEBEE  Report  No*  81 


Telemetering  PremoAulator 

Data  recorded  by  telemetering  results  in  pulses  of  various  amplitudes, 
shapes  and  widths*  In  order  to  utilize  these  properly  it  is  necessary  to 
shape  and  limit  them  to  conform  to  the  5RL  telemetering  system,  which  requires 
a  positive  six-volt  pulse*  Experience  with  telemetering  early  in  the  program 
indicated  that  it  would  he  desirable  to  use  more  than  a  unit  portion  of  the 
sampling  rate*  Thus,  between  three  and  four  telemetering  pulses  are  used  to 
record  each  individual  count.  In  this  manner  it  is  much  easier  to  differentiate 
between  signal  and  noise*  The  telemetering  premodulator  output  pulse  is  a 
square  wave  with  a  slight  tapering  off,  and  of  a  width  as  described  above*  Pulse 
shaping  is  accomplished  by  feeding  all  data  pulses  to  the  premodulator  con¬ 
sisting  of  a  controlled  thyratron  relaxation  oscillator  and  saturable  limiting 
amplifier  as  shown  in  Tig.  40*  figures  41  and  42  show  the  mechanical  layout 
of  the  telemetering  premodulator* 

Recorder  Driver 

Most  mechanical  data  recorders  are  low  Impedance  devices  requiring 
considerable  power*  figure  43  showe  the  circuit  of  the  recorder  driver  used 
in  the  current  program.  It  consiete  of  a  thyratron,  fired  by  the  incoming 
pulees  and  extinguished  by  virtue  of  the  triode  in  series  with  the  plate  circuit. 
The  output  taken  from  the  cathode  circuit  of  the  triode,  again  at  a  low  impedance, 
ie  the  pulee  formed  when  the  thvratron  discharges* 


FIG.  41  Top  view  of  Telemetering  Premodulator 


FIG.  42 


Bottom  ylew  of  Telemetering  Premodulator  Chassis 
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TIG.  43  Recorder  Driver  Amplifier  Circuit 


Calibrator!  and  Timers 

figure  44  shows  the  radioactive  phosphorus  calibrator  used  to  expose 
periodically  the  outside  Geiger  tubes  to  a  fixed  source  of  beta  radiation  for 
the  purpose  of  determining  operability  throughout  flight*  It  consists  of  a 
solenoid-operated  plunger  containing  a  shielded  source  of  P&2  (see  page  89  above) 
which  is  periodically  uncovered.  The  shielding  is  for  the  purpose  of  removing 
any  gamma  radiation  contamination  which  might  exist  In  the  radloacti  e  phosphorus* 
The  calibrators  are  mounted  on  the  Inside  of  the  7-2  doors  housing  ie  Geiger 
counter  telescopes*  The  beta  radiation  is  directed  through  a  one-mil  aluminum 
window  and'ls  controlled  by  the  timer  shown  in  figure  45*  The  timer  contains  a 
commutator  which  successively  exposes  the  radiation  in  bursts  of  one,  two,  three, 
and  four  units,  with  thirty  seconds  between  units  and  a  duration  of  one  second* 

The  resultant  "forced"  counting  rate  gives  an  excellent  record  of  the  continuity 
of  operation  of  the  unshielded  Geiger  counters  which  are  exposed  to  teiperature 
variations* 


KG.  44  Geiger  Tube  Calibrator 


JIG,  45  Calibrator  Timer 
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In  addition  the  timer  has  a  separate  commutator  which  places  a 
timing  signal,  on  the  record.  This  is  useful  for  timing  mechanical  recorder 
records.  Telemetering  records  include  a  standard  master  timing  signal* 

General  Layout  of  Sculp  men t  in  the  Warhead 

Figure  46  shows  the  arrangement  of  cosmic  ray  telescopes,  the 
spectrograph  and  associated  equipment  within  the  V-2  warhead.  This 
arrangement  wae  used  on  the  experiments  conducted  during  the  period 
covered  hy  this  report.  Two  views,  in  Figure  47,  show  the  equipment  in 
the  pyramid  frame  which  is  subsequently  mounted  in  the  warhead.  Figure 
48  is  a  block  diagram  of  the  system. 

Review  of  Results  of  Cosmic  Ray  Experiments 

A  detailed  account  of  cosmic  ray  results  in  this  period  will  appear 
in  a  later  report  of  this  series.  It  is  appropriate,  however,  to  present 
a  brief  review  in  the  present  report. 

At  the  time  this  phase  of  the  experimental  work  was  begun,  there 
was  in  existence  a  considerable  body  of  cosmic  ray  data  from  balloon 
flights  of  equipment  up  to  the  region  of  80,000  feet.  A  few  flights  to 
higher  altitudes  had  been  made  with  substantial  loads  of  equipment. 

It  appeared,  however,  that  the  use  of  rockets  as  vehicles  for  cosmic 
ray  equipment  would  serve  three  new  functions: 

1.  It  would  make  possible  the  extension  of  "curves"  of  various 
cosmic  ray  phenomena  to  an  altitude  definitely  above  the 
atmosphere  (in  the  cosmic  ray  sense)  and  thus  make  more 
certain  the  shape  of  these  curves  at  the  very  t op  of  the 
appreciable  atmosphere,  where  moderation  of  the  primaries 
first  occurs. 

2.  It  would  make  possible  the  operation  of  equipment,  for 
limited  times,  at  altitudes  definitely  above  the  atmosphere. 
Effects  observed  during  such  periods  could  reasonably  be 
attributed  to  the  first  inpact  of  primaries  on  matter. 

3.  It  could  transport  to  high  altitudes  (even  within  the 
atmosphere)  much  heavier  apparatus  (for  example,  heavy 
lead  absorbers)  than  could  practicably  be  carried  by 
balloons. 

Two  cosmic  ray  telescopes,  shown  in  Fig,  49,  were  prepared  for  the 
V-2  flight  of  July  30,  1946,  They  were  arranged  in  the  warhead  in  a 
90- degree  "V11  as  shown  in  Figs.  46  and  51,  The  physical  arrangement  of 
the  telescope  (Fig,  50)  was  patterned  aftnr  that  of  Schein,  Jesse,  and 
Wollan7  with  the  following  changes: 


7 


Described  in  Physical  Review  57  847  (1940) 


no.  46 


Warhead  Instrumentation 
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1,  The  width  of  the  telescopes  was  doubled  by  the  use  of  two 
tubes  in  each  tray,  thus  making  the  counting  rate  about 
four  times  as  great.  Figure  51  shows  the  A  counters  mounted 
in  the  warhead  doors  of  the  rocket. 


2.  Tray  B  was  flanked  by  a  pair  of  guard  counters  on  each  side. 
All  four  of  these  guard  tubes,  E,  were  connected  in  parallel. 


3,  The  two  tubes  in  the  B  tray,  and  Bg,  (or  in  subsequent 
flights,  Tubes  and  Cg  in  C  tray)  were  electrically 
separated  so  that  a  knowledge  of  multiplicity  of  particles 
lying  within  the  telescope  could  be  obtained. 


Inasmuch  as  these  measurements  were  definitely  exploratory,  the  guard 
counters  were  arranged  for  coincidence  rather  than  anti- coincidence  with 
the  telescopes  in  order  to  record  explicitly  all  events  involving  them. 
Likewise,  circuits  were  arranged  for  transmitting  the  individual  counting 
rates  of  several  of  the  counters. 


Assembly  of  Cosmic  Ray  Instrumentation 
Prior  to  Mounting  in  Warhead 


PIG.  47 


Recorder  Amplifier  I - ^  Recorder 
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FIG.  1*9  Cosmic  Bay  Telescope 

Altogether  then,  the  following  channels  of  information  from  each 
telescope  were  provided: 

Channel  Symbol  Meaning 

A/8  Counting  rate  of  Al 

counters  scaled  down  by  a 
factor  of  8. 

Bi/8  Counting  rate  of  Bi  *  B2 

counters  scaled  down  by  a 
factor  of  8. 

ABC  Triple  coincidences  of  either 

(or  joth)  counters  Ai,  A2  with 
either  (or  both)  counters  Bxf 
B2  with  either  (or  both)  counters 
cli  c2» 

BCD  Similar  meaning  for  trays  B9C9D. 

(ABC  or  BCD)  B1B2  Either  of  the  two  triple  coincidences 

above  with  an  accompanying  coincidence 
of  B^  and  B2. 

(In  later  flights  substitute  Cl  Cg  for  B^  Bg) 

(ABC  or  BCD)  X  Similar  meaning  except  with  one 

or  more  of  the  four  X  counters. 


FIG.  50  Construction  of  Cosmic  Ray  Telescope 
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FI 8.  51  Cosmic  Bay  Telescope  Mounted  In  Warhead 


The  four  coincidences  above  were  formed  electronically  within  the  missile 
with  a  resolving  time  of  about  10  microseconds.  Coincidences  between 
channels  on  the  telemetering  record  could  be  formed  with  a  resolving 
time  of  about  5  x  1CT^  seconds. 

Good  exploratory  data  were  obtained  in  the  flight  of  July  30,  1946 
in  spite  of  certain  detailed  electronic  failures. 

Then  in  the  three  subsequent  successful  flights  of  this  equipment 
on  December  17,  1946,  ipril  1,  1947  and  April  8,  1947,  a  satisfactory 
knowledge  of  all  channels  was  accumulated. 

An  identical  telescope  was  flown  for  some  85  hours  in  a  B-29  airplane 
at  altitudes  from  10,000  feet  to  36,000  feet  in  order  to  fill  in  data  in 
the  lovor  atmosphere.  In  this  portion  of  the  atmosphere  counting  rates 
are  so  low  as  to  permit  only  very  crude  data  in  a  rocket  flight.  The 
composite  data  are  still  under  study  but  general  results  and  conclusions 
are  as  follows: 

1.  The  most  striking  feature  of  the  results  in  the  enormous 
(and  mono tonic)  increase  in  the  counting  rate  of  the 
channels  (ABC  and  BCD)  CiCg  and  (ABC  and  BCD)  S.  Whereas 
at  sea  level  only  about  5  counts  per  hour  occur,  at  high 
altitudes  on  the  cosmic  ray  plateau  (i.e.  above  150,000 
feet)  a  rate  of  about  4  counts  per  second  exists.  This 
is  a  ratio  of  approximately  4000.  Plotting  the  logarithm 
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of  these  rates  vs.  pressure  indicates  an  absorption 
coefficient  of  about  (160  gm/cm^)"*  for  the  coiqponent  which 
causes  these  burs  .a.  It  is  not  yet  certain  whether  this 
absozptioh  coefficient  is  to  be  identified  with  the  primaries 
themselves,  or  whether  this  is  a  combination  absorption 
curve  of  the  primaries  out  of  various  burst  producing 
secondaries. 

It  seems  particularly  significant  that  the  counting  rate 
of  these  channels  is  a  monotonically  increasing  one. 

Thus,  (160  gtt/cm2)~i  is  a  lower  limit  for  the  absorption 
coefficient  of  the  primaries.  Even  if  product  particles 
of  the  primary  act  are  also  capable  of  producing  such 
events,  it  appears  certain  that  they  do  not  occur  in 
sufficient  numbers  to  cause  a  transit!  a  maximum. 

2.  The  rates  of  ABC  and  BCD  also  increase  monotonically  but  by  a 
much  lover  factor.  However,  the  simple  interpretation  of  these 
events  as  "telescope"  counts  seems  to  be  entirely  untrue  at 
the  higher  altitudes.  Thus,  at  sea  level,  the  multiple 
particle  events  (ABC  or  BCD)  C]C2  and  (ABC  or  BCD)  E  are 
associated  with  only  a  negligible  fraction  of  the  telescope 
events  ABC,  BCD,  But  on  the  high  altitude  plateau,  about 
five  times  as  many  multiple  events  as  "single  particle" 
events  occur.  Thus,  an  arrangement  such  as  this,  con¬ 
taining  large  amounts  of  lead,  appears  to  lose  (at  high 
altitudes)  the  properties  of  a  telescope  and  become  merely 
an  array  of  counters.  Further  evidence  for  this  ft  - s 
as  follows;  At  sea  level  and  in  fact  up  to  36,000  r  > 
the  counting  rates  of  ABC,  BCD  and  the  combination  -  JD 
are  accurately  in  the  ratios  of  their  "telescopic" 
geometry.  Calculation  of  a  flux  is,  therefore,  permissible. 

In  fact,  the  absolute  fluxes  deduced  from  these  lover- 
altitude  results  agree  quite  well  with  those  previously 
determined  by  other  investigators  at  sea  level  on  on 
mountains.  But  on  the  plateau  the  rates  of  ABC,  BCD  and 
ABCD  are  not  at  all  proportional  to  geometry  —  either  if 
one  ignores  the  associated  multiple  events  or  if  one 
subtracts  them. 

The  conclusion  that  the  telescopes  containing  considerable 
amounts  of  absorber  lose  their  sinple  character  also  follows 
from  the  considerations  of  p),  above.  For  if  the  absorp¬ 
tion  coefficient  of  the  primary  radiation  is  (160  gm/cm^T1, 
then  it  is  evident  that  a  major  fraction  oij  the  primaries 
convert  to  bursts  in  traversing  132  ga/cm^'  of  lead.  In 
fact,  from  the  determination  of  the  absorption  coefficient 
by  the  curve  in  the  atmosphere,  there  is  no  assurance 
whatever  that  the  absorption  coefficient  in  lead  may  not 
be  such  different  —  in  particular,  greater.  Further  if 
a  buret  of  considerable  angular  spread  results  then  the 
counting  rate  of  a  telescope  is  due  not  only  to  particles 
lying  within  the  geometry  but  also  to  particles  lying  out¬ 
side  of  the  geometry. 
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2.  The  teletcopo  counting  rates  ABC  and  BCD  on  the  plateau  are 
closely  the  sane  east  and  west.  This  might  he  Interpreted 
as  Indicating  no  azimuthal  asymmetry.  let  In  view  of 
paragraphs  1  and  2  above,  a  more  proper  conclusion  seems 
to  be  that  the  array  of  counters  hast  only  to  a  minor 
extent,  the  properties  of  a  telescope. 

4.  Some  ten  curves  of  the  counting  rate  of  the  A  and  B 

counters,  in  various  combinations  have  been  obtained.  In 
the  case  of  A  counters,  very  lightly  shielded  in  one 
hemisphere,  heavily  backed  up  by  lead  in  the  hemisphere, 
the  counting  rate  (for  Ai  and  Ag  in  parallel)  rises  from 
about  2. 6/ sec  on  the  ground  to  110/ sec  at  the  Pf otter 
maximum;  then  it  declines  to  about  53/ sec  and  maintains 
this  value  constant  to  as  high  as  114  miles.  The  plateau 
begins  at  an  altitude  of  about  28  miles.  The  curve  of 
Bx  4  B2  behaves  generally  similar  but  exhibits  %  much 
less  pronounced  Pfotzer  peak  and  has  about  15  per  cent 
less  rate  on  the  plateau.  The  ground  rate  of  Bx  +  B2 
is  about  1.8/secv  the  peak  value  is  about  80/sec,  and 
the  plateau  is  45/sec.  The  physical  location  of  these 
counters  in  the  immediate  vicinity  of  so  much  material 
makes  interpretation  of  these  rate*  questionable. 

Since,  however,  the  rate  of  Ax  bears  rather  closely  the 
ratio  to  Ax  ♦  Ajg  as  would  be  expected  for  a  non- mult  ip  lying 
heoi spherically  symmetrical  flux,  it  may  be  inferred  that 
the  bursts  do  not  contain  both  a  great  number  of  particles 
and  a  wide  angular  spread. 

Cosmic  Ray  Him  Experiment 

On  four  flights,  thick-emulsion  alpha-parti cle  film  has  been  flown 
in  an  attenpt  to  record  cosmic  ray  "stars"  at  high  altitudes.  These 
"stars"  are  tracks  in  the  emulsion  of  the  film  made  by  several  nuclear 
particles  diverging  from  a  single  point  of  origin.  The  number  of  stars, 
as  well  aa  the  number  of  particles  (having  much  higher  energies  than 
those  produced  by  laboratory  nuclear  reactions)  increases  rapidly  with 
altitude.  Points  of  particular  interest  were  considered  to  be  the 
frequency  of  occurrence  of  stars  at  high  altitudes  and  the  length  of 
the  tracks  in  high  altitude  stars. 

It  was  realized,  that  since  the  V-2  spends  such  a  relatively  short 
time  in  flight  that  the  chances  of  recording  stars  would  be  small,  but 
it  is  felt  that  the  experiment  should  be  tried,  especially  considering 
the  small  expense,  space,  and  amount  of  instrumentation  involved.  The 
film  has  been  recovered  from  only  one  flight,  that  of  December  17,  1946. 
In  this  flight  six  packets  of  Eastman  thick  emulsion  alpha  particle  film 
were  dipped  in  paraffin  and  inserted  in  a  cassette  made  of  one-eighth 
inch  steel,  which  was  installed  in  the  control  compartment  of  the  7-2. 

No  significant  cosmic  ray  data  have  thus  far  been  obtained  by  tbs 
film  method. 
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Cosmic  Ray  Altitude  Meters 

Tiie  intensity  of  cosmic  rays  at  altitudes  up  to  70,000  feet  has 
Been  extensively  investigated  by  means  of  ionisation  chambers  and  Geiger 
counters  carried  aloft  by  balloons.  The  curve  shown  in  Fig.  52  exhibits 
typical  data  obtained  with  a  single  counter  about  one  inch  in  diameter 
and  six  inches  long. 

It  was  proposed  that  if  a  wide-angle  cosmic  ray  telescope  having 
large  counting  volume  were  Installed  in  an  aiiplane  the  statistical 
fluctuations  of  the  counting  rate  could  be  reduced  sufficiently  so  that 
a  counting-rate  meter  could  be  used  to  indicate  altitude  in  the  region 
from  15,000  to  50,000  feet.  Such  an  instrument,  constructed  by  APL 
consisting  of  two  trays  of  five  Geiger  counters,  is  illustrated  in  Fig. 
53.  The  counters  were  connected  in  a  conventional  double  coincidence 
circuit  of  the  Rossi  type.  The  output  pulses  were  shaped  by  a  thyra- 


FIG,  52  Cosmic  Ray  Intensity  vs  Altitude 
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FIG.  53  Cosmic  Bay  Altimeter 


tron  and  fed  to  a  vacuum  tube  voltmeter  as  an  integrating  instrument. 

The  reading  on  the  meter,  then,  served  to  indicate  altitude.  Circuit* 
diagrams  of  the  cosmic  ray  and  associated  power  supply  circuits  are 
shown  in  Figs.  54  and  55.  Provision  is  made  for  zeroing  the  vacuum 
tube  voltmeter.  During  flight  the  zeroing  is  checked  and  correction 
made  in  the  meter  reading  for  any  drift  that  may  occur  in  the  zero 
setting. 

A  system  for  quickly  testing  the  operation  of  the  Geiger  tubes  was 
included  in  the  instrument  design.  A  radium  source  was  located  near  the 
tubes.  A  switch  shown  in  the  circuit  diagram  allowed  the  total  counts 
occurring  per  unit  time  in  each  tray  to  be  measured.  If  one  tube  was 
not  operating  the  background  counting  rate  would  be  appreciably  reduced. 
This  check  can  be  made  quickly  on  both  trays  when  the  background  count 
for  the  particular  plane  is  known  (radioactivity  from  instrument  dials, 
etc.,  is  appreciable).  The  radium  source  is  not  sufficient  to  cause 
spurious  coincidence  counts. 

Only  two  test  flights  have  been  made  with  the  altimeter  to  date. 

On,  these  flights,  the  instrument  functioned  satisfactorily.  Preliminary 
indications  are  that  an  Instantaneous  reading  of  altitude  may  be  made 
with  an  accuracy  of  ♦  500  feet  when  above  12,000  feet,  and  that  the 
probable  error  can  b?  considerably  reduced  if  several  readings  are  tak  u. 
Calibration  during  flight  was  made  using  a  pressure  type  altimeter  and 
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FI (K  56  Flight  Calibration  for  Cosmic  Bay  Altimeter 


the  plane  was  kept  within  100  feet  of  the  desired  altitude,  A  flight 
calibration  it  indicated  in  Fig,  56, 

No  special  effort  was  made  to  make  a  conpact  unit  of  the  experimental 
model  shown.  The  size  of  the  unit  could  be  considerably  reduced  for  use 
as  a  standard  device.  The  instrument  is  as  rugged  as  standard  aircraft 
instruments. 

This  type  of  altimeter  has  an  especial  field  of  application  to  high 
velocity,  the  meneuvoring  missiles  which  are  flying  at  high  altitudes  (for 
exanple,  50,000  feet).  It  is  adaptable  to  the  altitude  control  of  long 
range  supersonic  missiles.  Its  operation  is  a  passive  one,  which  would 
not  indicate  pressures  as  would  a  radio  altimeter.  It  appears,  however, 
to  offer  many  advantages  over  pressure- type  instruments  for  application 
to  high  (40,000-100,000  feet)  missiles  and  aircraft.  It  is  relatively 
insensitive  to  radioactive  contamination  of  the  surrounding  air. 
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Chapter  IV 

SOLAR  SPECTRA  OBTAINED  AT  HIGH  ALTITUDE 


The  spectrum  of  the  eun  as  obtained  from  a  rocket  extends  much  further 
into  the  ultraviolet  than  the  same  spectrum  as  observed  from  the  ground  or 
from  manned  or  sounding  balloons.  The  reason  for  this  extension  is  that 
because  of  the  selective  absorption  of  the  air  the  sunlight  reaching  the 
blanket  of  air  covering  the  earth  is  different  in  quality  from  that  which 
reaches  the  earth.  Since  ,  to  inhabitants  of  the  earth,  the  sun  is  the 
most  important  object  in  the  universe,  any  extension  of  knowledge  of  the 
sun  is  worthwhile;  also  such  studies  may  be  used  to  give  a  better  knowledge 
of  the  composition  of  the  atmosphere. 


The  AFL  Spectrograph 

The  fully  automatic  APL  spectrograph  designed  for  use  in  the  7-2 
rocket  features  a  special  film  cassette  for  protecting  and  preserving  the 
film  record  on  impact  with  the  ground.  This  armored  cassette  is  similar 
to  that  which  houses  the  film  of  the  36 mm  camera  used  in  the  rockets  to 
photograph  the  earth,  and  has  been  found  to  provide  complete  protection 
to  the  film. 

As  no  attempt  was  made  to  "home*  on  the  sun  in  the  initial  flights, 
a  special  front  surface  aluminized  diffusing  reflector  was  used,  by  which 
all  abosrbing  material  could  be  eliminated  between  the  source  of  light 
(the  sun)  and  the  photographic  film.  Since  the  gelatine  of  ordinary 
photographic  film  is  partially  opaque  to  the  short  radiations  existing 
under  the  conditions  of  vacuum  spectroscopy  at  altitudes  such  as  attained 
by  the  V-2  rockets,  special  fluorescent  film  was  used,  which  transforms 
invisible  ultraviolet  light  to  wave  lengths  long  enough  to  penetrate  the 
gelatine  and  activate  the  silver  bromide. 

The  spectrograph  mounted  in  the  April  V-2  rocket  is  pictured  in 
Figures  57  and  56, 

The  spectrograph  is  designed  to  be  mounted  in  the  warhead  of  the 
rocket  with  the  small  end  upward.  Two  cowled  holes  at  the  side  of  the 
rocket  admit  sunlight  to  the  front  aluminized  diffusing  mirrors  and  & 
plane  front  aluminized  mirror  in  front  of  each  slit  of  the  spectrogr^jh. 

Figure  59  shows  solar  spectra  obtained  on  April  1,  Since  the  height 
attained  by  the- rocket  on  this  flight  was  65  miles,  spectrum  (b)  in  the 
illustration  was  probably  obtained  at  heights  between  30  to  50  miles 
above  the  earth, 

A  comparison  of  spectra  (a)  and  (b)  shows  that  the  solar  spectrum 
taken  from  rockets  reaches  much  further  into  the  region  of  the  ultraviolet 
than  any  taken  from  the  surface  of  the  earth.  It  was  probably  taken  above 
any  ozone  layer  encountered  on  the  upward  flight  and,  therefore,  the 
features  of  the  spectrum  are  probably  not  due  to  the  atmosphere.  These 
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features  of  the  sun  (Fraunhofer  lines)  and  the  continuous  spectrum  are 
now  being  studied. 


Yerkes  Observatory,  Spectrograph 

A  spectrograph  using  a  crystal -quartz  optics  thoughout,  was  designed 
and  constructed  at  the  Yerkes  Observatory  of  the  University  of  Chicago 
under  a  subcontract;  it  was  also  installed  in  the  rocket  for  the  April  1 
flight.  The  purpose  of  the  experiment,  under  the  direction  of  Dr.  Jesse 
L,  Oreenstein,  was  to  study  the  solar  spectrum  on  moderately  high  dispersion 
in  the  region  from  3100  to  2200  Angstroms.  In  view  of  the  other  work  being 
done  to  extend  the  solar  spectrum  to  the  far  ultraviolet,  the  Yerkes 
Observatory  experiment  was  limited  to  these  quantitative  studies  on  higher 
d. *peraion  in  the  near  ultraviolet. 

A  special  collimator  and  identical  camera  lens  consisting  of  two 
quartz  menisci  was  designed  to  give  high  resolution.  The  focal  ratio  was 
about  f/10*  The  dispersion,  on  a  tilted  and  curved  focal  surface,  was 
10  A/mm  at  230Q&. 

^he  spectrograph  was  provided  with  a  plane  mirror  between  the  slit 
and  the  collimator  to  fold  the  light  path.  The  film,  measuring  5  x  14 
inches,  was  mounted  on  a  rotor  housed  in  a  heavily-armored  cassette  made 
of  duralumin.  The  unit  was  designed  for  one  exposure,  the  rotor,  after 
launching,  being  driven  180  degrees  by  a  24-volt  motor  in  order  to  expose 
the  film.  After  an  exposure  of  four  minutes,  and  before  warhead  blow-off, 
the  rotor  was  to  be  turned  another  180  degrees  to  a  locked  position.  The 
exposure  cycle  was  regulated  by  the  electrically-driven  timer  mounted  in 
the  control  conpartment  together  with  a  24-volt  battery  in  a  pressurized 
case.  The  conplete  spectrograph  was  approximately  18  x  36  x  6  inches 
and  weighed  almost  100  pounds  Including  timer  and  batteries. 

Since  only  one  exposure  was  planned,  provision  was  made  for  obtaining 
several  spectra  simultaneously  on  the  one  film.  An  aluminized,  quartz 
step-reducer  was  placed  in  front  of  the  film.  This  reducer  had  trans¬ 
missions  of  approximately  100,  20,  5,  and  1  per  cent,  so  that  the  light 
through  three  of  the  four  parts  of  the  length  of  the  slit  was  reduced. 

The  film  was  20mm  high;  each  spectrum  was  thus  5  mm  in  height.  Such  & 
step-reducer  can  be  calibrated  in  the  laboratory  to  obtain  its  "transmission 
as  a  function  of  wavelength.  Color-tenperature  calibration  exposures 
were  obtained  bofore  flight  by  using  a  water  cooled  controlled  continuous 
hydrogen  arc  run  at  known  voltage  and  anperage.  This  source  has  a  relatively 
high  color  tenperature,  is  moderately  stable,  and  can  be ,  checked  against 
a  ste  ~d  la up,  if  required. 

A  ,r  .  graph  of  the  Yerkes  spectrograph  as  installed  in  the  motor 
section  of  the  rocket  is  shown  in  Fig.  60.  The  slit  was  covered  by  a 
protective  plate  at  the  time  the  picture  was  made.  A  ground  quartz  plate 
four  inches  square  was  set  in  the  skin  of  the  rocket  to  diffuse  the 
incident  light.  Laboratory  tests  showed  that  the  solar  spectrum  diffused 
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FIG.  60  Yerkes  Solar  Spectrograph  Installed  in  V-2 


by  such  a  plate  was  recorded  in  about  one  second  on  tne  grount  at  3300. 
Since  the  atmospheric  abBOiption  at  3300  &  is  considerable,  it  was 
thought  probable  that  a  one- third  second  exposure  at  high  altitude  would 
give  a  reasonably  good  spectrum  at  330Q&.  Theoretical  investigations 
suggest  that  because  of  heavy  line-absorption  in  the  ultraviolet,  the 
sun  would  behave  like  a  black-body  of  color  teav^rature  4900°  C  rather 
than  like  one  at  6000°C.  Even  at  this  low  color  tenperature,  a  four- 
minute  exposure  through  the  diffusing  screen  should  be  sufficient  to 
record  the  spectrum  to  about  2300  it  at  high  altitude. 

The  instrument  was  tested,  focused,  and  calibrated  at  the  Yerkes 
Observatory  and  tested  with  the  timer  and  batteries  on  the  shake  table 
at  API.  During  the  test,  the  plane  mirror  was  optically  deformed  and 
had  to  be  replaced.  All  other  parts  operated  satisfactorily. 

After  the  flight  the  cassette  was  recovered  essentially  undamaged, 
although  it  had  sheared  off  the  case  of  the  spectrograph,  cutting  eighteen 
l/4- inch  steel  screws.  The  film  was  undamaged,  but  unexposed.  An  analysis 
of  the  telemetering  record,  made  by  APL  shows  fairly  conclusively  that  the 
batteries  and  timer  operated  according  to  schedule.  The  timer,  which  was 
to  have  turned  on  the  spectrograph  at  about  60  seconds  after  launching, 
was  found  to  have  performed  its  function;  however,  at  that  time  the 
telemetering  record  should  have  shown  a  two- second  record,  whereas  the 
indication  showed  about  a  60-second  Interval,  indicating  that  the  take- 
up  mechanism  failed  to  rotate.  The  timer  again  operated  near  the  end  of 
the  flight  on  schedule,  and  again  the  spectrograph  motor  did  not  operate. 
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When  the  cassette  was  recovered ,  the  take-up  rotor  was  found  In  Its 
initial  position.  The  failure  of  the  instrument  was  not  electrical  in 
origin,  and  the  operation  of  the  spectrograph  motor  had  been  clacked 
repeatedly  with  the  instrument  in  place  of  the  rocket. 

There  are  two  possible  explanations  for  the  failure:  (a)  the  actual 
motor  being  different  and  more  powerful  than  the  one  tested  on  the  shake 
table,  may  have  proved  defective  under  the  accelerations  of  the  flight, 
or  (b)  the  starting  acceleration  may  have  locked  the  rotor  due  to  a 
deformation  of  the  entire  spectrograph.  Such  a  deformation  might  arise 
from  the  difference  between  the  shape  of  the  rocket  structure  in  the 
horizontal  unstressed  position,  and  in  the  vertioal  flight  position. 

It  is  possible  that  this  experiment  may  be  repeated  on  a  later  flight. 
Work  Is  already  in  progress  at  the  Yerkes  Observatory,  however,  or  another 
experiment.  Optical  parts  have  been  conpleted  for  a  low  dlspersi  a 
spectrograph  using  fused  quarts  components.  This  instrument  is  to  be 
proved  with  three  ultraviolet  electron-multiplier  phototubes  (type  1P28); 
it  is  designed  to  record,  via  telemetering,  the  energy  distribution  of 
three  wave  lengths  in  the  solar  spectrum  during  flight.  The  photocells 
will  be  placed  at  3400  £, ,  2800  £,  and  2500  i.  Because  of  the  high 
speed  of  the  telemetering  system,  measurements  of  solar  intensity  and, 
therefore,  of  atmospheric  transmission,  can  be  obtained  at  intervals 
of  approximately  1  kilometer  of  altitude.  A  knowledge  of  the  ozone 
distribution  with  such  relatively  short  Intervals  between  measurements 
should  be  of  great  value. 
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Chapter  7 

HIGH  ALTITUDE  PHOTOGRAPH!  07  THE  EARTH 

From  the  7-2  rocket  launched  October  24,  1946,  a  motion  picture  film  wae 
obtained  which  yielded  photographs  of  creditable  quality  from  launching  to  the 
peak  of  flight  at  345,000  feet.  This  film  when  projected,  presents  a  striking 
picture  of  the  earth  as  viewed  from  a  rapidly  ascending  rocket.  Several  frames 
are  reproduced  in  Figs.  61,  62  and  63. 

At  peak  altitude,  about  65  miles,  the  camera  photographed  the  horizon 
•720  miles  away.  The  picture,  first  of  its  type  ever  made,  shows  the  curvature 
of  the  earth,  as  well  as  some  40,000  square  miles  of  territory.  Landmarks  such 
as  rivers,  lakes,  and  mountain  ranges  have  been  identified,  and  form  the  basis 
of  the  first  unquestioned  data  on  the  angular  motion  of  the  7-2  rocket  in  the 
upper  portion  of  its  trajectory;  this  is  discussed  more  fully  in  Chapter  71. 

The  results  of  this  test  suggest  the  use  of  rocket  photography  in  the  study  of 
widespread  meteorological  conditions  as  well  as  in  long-range  aerial  reconnais¬ 
sance. 


The  series  of  pictures  made  on  that  flight  are  the  only  ones  to  be  ob¬ 
tained  by  APL  to  date.  No  camera  was  included  in  the  December  17,  1946  flight 
which  was  a  night  firing,  and  the  camera  installed  in  the  April  1,  1947  fll^it 
was  not  recovered.  On  the  April  8,  1947  flight,  the  film  was  unfortunately  ex¬ 
posed  prior  to  launching  because  of  a  last  minute  delay  in  firing. 

The  camera  used  in  the  October  flight  was  a  De7ry  35mm  motion  picture 
camera,  shown  in  Fig.  64,  of  the  type  used  by  the  Army  Signal  Corps  for  combat 
newsreel  work,  and  was  selected  because  of  its  relatively  small  size  and  the 
ease  with  which  it  could  be  adapted  for  flight  operation.  A  small  24-volt  air¬ 
craft-type  motor  replaced  the  spring  motor  normally  used  to  drive  the  camera, 
and  by  the  use  of  reduction  gears,  the  speed  was  regulated  at  approximately  3 
frames  per  second.  This  speed  was  fairly  constant  because  of  the  low  current 
drain  on  the  four  6-volt  dry-cell  batteries  used  to  operate  the  motor.  An 
armored  cassette  described  previously,  shown  in  Fig.  57,  was  used  to  protect  the 
exposed  film  curing  impact.  Holding  50  feet  of  film,  the  complete  unit  was 
mounted  in  a  dural  box  7  x  8  x  11  inches,  shown  in  Fig.  65. 

The  unit  was  installed  in  the  main  body  of  the  rocket  between  the  fuel 
tanks,  as  shown  in  Fig.  66.  It  was  oriented  so  that  the  optical  axis  of  the 
camera  pointed  down  and  outward,  160  degrees  from  the  axis  of  the  rocket.  East¬ 
man  Super-XX  film  with  a  Wratten  No.  25A  filter  was  used.  The  shutter  speed  was 
set  at  1/40  second  and  the  lens  at  f:8.  The  camera  was  started  by  a  take-off 
switch  in  the  tail  and  ran  continuously  until  the  film  was  exhausted. 

The  camera  unit  was  recovered  a  few  hours  after  the  V-2  landed  and  was 
immediately  wrapped  in  black  cloth  and  returned  to  APL.  The  dural  box  was  found 
to  be  in  almost  perfect  condition;  the  camera  was  slightly  smashed  but  still  in¬ 
tact,  with  only  the  lens  missing.  The  cassette  seemed  to  be  in  very  good  con¬ 
dition  and  the  take-off  shaft  would  still  turn  quite  freely.  No  damage  to  the 
film  was  evident  although  overexposure  of  about  15  per  cent  caused  a  slight  in¬ 
crease  in  grain  size. 


m.  64  Camera  Used  for  High  Altitude  Motion  Pictures 

TICK  65  Camera  Housing 
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After  the  result*  of  this  experiment  were  known,  it  was  suggested  in  a 
memorandum  ®  that  serious  consideration  he  given  to  this  technique  for  military 
reconnaissance.  The  following  observations  were  contained  in  the  memorandums 

1.  With  the  7-2*  s,  altitudes  of  65  to  100  miles  are  normally 
obtained. 

2.  With  sounding  rockets  now  under  advanced  development  (such 
as  the  Aerojet  XASR-1  being  built  for  experimental  work  by 
this  laboratory  under  Bureau  of  Ordnance  NOrd  9837 \  it  is 
expected  to  achieve  similar  altitudes  with  an  instrument 
load  of  as  much  as  150  pounds.  Relative  to  the  7-2,  these 
rockets  are  very  Inexpensive  vehicles  and  much  simplier  to 
service  and  launch.  Under  production  conditions  both  expense 
and  ease  of  handling  will  be  further  reduced,  eo  that  routine 
use  in  wartime  would  not  be  a  matter  of  serious  concern. 

3.  From  an  altitude  of  400,000  feet,  the  surface  of  the  earth  to 
a  radius  of  about  1000  miles  is  visible.  Of  course,  it  can¬ 
not  reasonably  be  hoped  to  discern  any  appreciable  detail  at 
such  distances.  But  even  the  crude  results  of  the  24  October 
flight  with  a  stock  35mm  camera  make  it  evident  that  objects 
up  to  about  200  miles  can  quite  reasonably  be  examined, 
subject,  of  course,  to  absence  of  cloud  cover.  Perhaps  mete¬ 
orological  observations  might  be  useful  even  up  to  extreme 
visible  range. 

4.  In  the  use  of  such  a  technique  at  sea,  recovery  of  the  camera 
would,  in  general,  be  Jmposeibls.  This  fact  immediately 
suggests  the  possibility  of  televising  the  camera  image  by 
techniques  already  in  existence  for  viewing  instrument  panels 
in  test  airplanes  and  transmitting  the  image  to  a  ground 
station.  Television  transmission  would  no  doubt  sacrifice 
detail  but  mi^it  very  well  serve  tc  locate  an  enemy  fleet  and 
provide  other  gross  information.  The  information  would  be 
available  immediately.  Launching  from  a  large  submarine  would 
be  feasible. 

5.  Stereoscopic  views  are  automatically  obtaired  with  a  base 
length  equal  to  the  movement  of  the  rocket  between  exposures. 

Although  the  first  camera  was  considered  successful,  the  lack  of  detail 
of  the  35mm  film  Indicated  that  for  future  flights  a  larger  camera  and  larger 
film  should  be  used.  Consequently,  K-25  aircraft  cameras  were  considerably 
altered  for  use  in  A^ril  1947.  A  cassette  was  designed  to  hold  125  feet  of 
5  1/4-inch  film,  allowing  three  hundred  4  x  5- inch  pictures  to  be  taken  at  a 
rate  of  one  per  second.  The  entire  unit,  less  batteries,  measured  9  x  9  x  16 
inches  and  weighed  75  pounds.  It  was  mounted  in  the  control  compartment,  and 
a  90-degree  prism  was  required,  since  space  considerations  forced  the  camera  to 
be  mounted  pointing  upwards.  (See  Fig.  66) 


q 

"Sounding  Rockets  as  7ehicles  for  Long  Range  Aerial  Reconnaissance",  by 
J.  A.  7an  Allen,  dated  15  November  1946. 
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JIG.  66  Mounting  of  Motion  Picture  Cameras  in  V-2  for 

October  1946  and  April  1347  flights. 

Eastman  Xerographic  Infra-red  film  wag  used  with  a  Vratten  Ho.  89A 
filter i  the  combination  haring  a  peak  sensitivity  at  about  8400  X,  which  was 
considered  to  be  far  enough  in  the  infra-red  to  penetrate  most  of  the  atmos¬ 
pheric  hast.  A  small  clock  was  placed  in  the  camera  and  the  time  was  to  be 
recorded  on  the  film  each  time  a  photograph  was  made. 

On  the  April  1  flight  the  camera  was  recovered  out  had  broken  open  on 
impact.  The  film  cassette  and  film,  however,  were  undamaged.  As  mentioned 
above,  the  film  had  been  exposed  prior  to  launching,  so  that  no  pictures  were 
made  in  flight. 
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Chapter  VI 

MISCELLANEOUS  V-2  EXPERIMENTS 

Besides  the  standard  measurements  made  on  periodic  flights,  some 
incidental  experiments  were  attempted  from  time  to  time  with  varying  degrees 
of  success.  Among  these  were  the  computation  of  angular  motion  of  the  V-2 
in  flight,  using  a  gyro  system,  photocell  orientor,  and  earth  camera;  arti¬ 
ficial  meteor  and  smoke-puff  ejection  devices;  and  a  biological  experiment 
conducted  in  conjunction  with  the  National  Bureau  of  Health.  These  experi¬ 
ments  are  discussed  in  the  following  pages. 

Angular  Motion  of  the  V-2  During  Plight 

In  addition  to  the  trajectory  data  furnished  by  the  Ballistic  Re¬ 
search  Laboratory,  Amy  Ordnance  Department,  it  is  desirable  to  have  data  in¬ 
dicating  the  angular  motion  of  the  V-2  during  the  entire  flight.  Such  data  are 
required,  for  example  in  order  to  measure  the  east-west  effect  of  cosmic  rays 
at  high  altitudes.  With  the  exception  of  high-powered  tracking  telescopes  which 
give  information  on  tumbling,  ground  tracking  instruments  furnish  information 
on  the  orientation  of  the  rocket  only  at  low  altitudes.  Thus,  one  system  con¬ 
tained  in  the  rocket  is  required  to  give  complete  information  on  the  orientation 
of  the  missile  as  a  function  of  time. 

Three  types  of  orientor  equipment  have  been  used  on  various  flights: 
gyro  systems,  photocell  o.rientors,  and  the  earth  camera.  Useful  data  have  been 
produced  by  the  gyro  systems,  which  have  operated  successfully  in  several  flights. 
The  photocell  system,  used  essentially  to  indicate  roll  only,  has  also  operated 
successfully  and  information  derived  from  it  has  been  found  to  agree  with  the  roll 
recorded  by  the  gyro  system.  The  rocket-borne  camera  has  yielded  orientation 
data  of  outstanding  reliability. 

Photocell  Orientor 

The  photocell  orientor  was  installed  in  a  fixed  position  in  the  rocket. 
Light  entering  the  warhead  through  a  transparent  window  was  incident  on  the  cell. 

A  maximum  output  from  the  photocell  would  thus  indicate  that  the  photocell  was 
pointed  toward  the  sun.  Such  systems  were  used  on  the  July  30,  1946,  April  lt 
1947,  and  April  8,  1947  flints.  Pitch  and  yaw  made  the  data  thus  obtained  on 
the  first  flight  questionable,  but  the  data  from  the  second  trial  showed  good 
agreement  with  the  gyro  data  for  that  flight.  The  photocell  orientor  used  on  the 
April  8,  1947  flight  did  not  operate  for  reasons  unknown. 

The  gyro  system  uses  an  electrically  driven  Schwien  gyro,  shown  in 
Fig.  67,  to  drive  a  lo^-torque  potentiometer  with  360-degreee  rotation.  One 
gyro  is  installed  to  respond  to  the  roll  of  the  rocket  and  a  second  to  measure 
the  angle  between  the  missile  axis  and  the  vertical.  Thus  the  second,  or  pitch, 
gyro  measures  the  sum  of  the  pitch  and  the  aspect  of  the  rocket  when  the  normal 
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to  the  shaft  driving  the  potentiometer  is  in  the  plane  of  the  trajectory  and 
measures  the  yaw  when  the  normal  to  the  abaft  la  perpendicular  to  the  plane  of 
the  trajectory.  The  pitch  gyro  a  have  been  aligned  with  the  shaft  lying  in  the 
east- vest  plane  at  launching  and  are  shown  mounted  on  the  warhead  baseplate  in 
Tig.  68. 


The  gyros  are  automatically  uncaged  at  the  instant  of  launching  as 
described  elsewhere,  so  that  as  little  precession  as  possible  will  occur  during 
the  flight.  Laboratory  tests  indicate  that  normal  precession  in  flight  should 
not  exceed  three  or  four  degrees.  The  potentiometer,  connected  to  the  gimbal 
of  the  gyro  by  a  coupling  spring,  introduces  errors  of  +  3  degrees,  as  indicated 
by  pre- flight  tests.  This  error  is  reduced,  however,  when  the  potentiometer 
contact  is  subject  to  relatively  uniform  motion. 


The  outputs  from  the  two  potentiometers  are  multiplexed,  together  with 
three  calibrating  voltages—— zero,  half;  and  full.  The  multiplexing  unit 
samples  each  voltage  about  four  times  per  second.  The  circuit,  which  delivers 
voltages  ranging  from  0  to  about  +  5  volte  to  the  telemetering  system,  is  shown 
in  Tig.  69.  The  diode  connected  across  the  output  holds  the  multiplexer  out¬ 
put  to  a  6-volt  level  to  conform  with  telemetering  requirements. 

The  gyro  orientor  system  has  been  used  in  four  flights:  October  24,  1946, 
December  17,  1946,  April  1,  1947  and  Apr»l  8,  1947.  Although  no  data  were  ob¬ 
tained  on  the  first  flight,  those  obtained  on  the  >other  flights  appear  to  be 
relatively  good  end  it  is  felt  that  roll  was  well  determined  and  that  freedom 
from  tumbling  and  onset  of  tumbling  are  clearly  shown.  The  gyro  orientor  system 
installed  in  the  rocket  fired  on  April  8,  1947  operated  successfully  throughout 
the  flight.  An  average  period  of  roll  of  9.0  seconds  was  observed  and  a  plot 
of  revolutions  versus  time  showed  the  same  curvature  characteristic  of  the 
April  1,  1947  flight.  The  accuracy  of  the  pitch  and  yaw  measurements  was 
again  a  matter  of  conjecture. 


Sassi* 


The  details  of  the  motion  picture  cameras  used  to  photograph  the  earth 
from  1-2  rockets  in  flight  are  discussed  in  Chapter  7.  Unambiguous  data  giving 
the  angular  motion  of  the  rocket  fired  34  October  1946  was  obtained  in  flight 
by  the  use  of  this  camera.  A  map  showing  a  trace  of  the  point  of  intersection 
of  the  camera’s  optical  axis  and  the  surface  of  the  earth  is  presented  in  Tig. 

70.  The  rate  of  running  of  the  camera  in  flight  was  obtained  from  the  angular 
size  of  objects  in  th  *  camera  field  in  conjunction  with  the  BRL  trajectory.  By 
this  analysis  it  was  found  that 

Tlight  time  (sec)  »  (1.06)  4  (0.303)  (Frame  Number). 

Detailed,  frame  by  frame,  Identification  of  the  photographs  was  made  using 
prominent  landmarks  of  th*  United  States  and  Mexico  in  order  to  produce  the  trace 
shown. 


The  camera  was  located  in  the  aidbody  of  the  rocket  with  its  optical  axis 
in  the  plane  through  the  missile  axis  and  Inclined  at  160°  to  the  nose,  (See 
Fig.  66).  The  heavy  line  on  the  print  shows  the  trace  of  the  optical 
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axle  on  the  map.  The  rector  shown  at  intervals  lies  in  the  intersection  of 
the  earth's  surface  with  the  plane  containing  the  optical  axis  and  the  missile 
axis.  The  sense  of  the  vector  is  outward  from  the  missile  axis  through  the 
optical  axis. 

Thus,  a  complete  knowledge  of  the  angular  motion  of  the  missile  is  ob¬ 
tained  in  the  time  interval  0  to  240  seconds,  with  the  exception  of  certain  gaps 
during  which  the  camera  field  Included  only  the  sky.  Incremental  motion  of 
prominent  features  on  the  terrain  or  in  cloud  beaks  aids  the  identification  even 
over  these  gaps  so  that  it  is  felt  quite  certain  that  the  motion  occurred  as 
shown. 


Artificial  Meteor  and  Smoke  Puff  Experiments 

gMtarml  fpr  b&mstek  MsSggzJffigsasaafc 

New  possibilities  in  aerodynamic  research  would  obtain  if  a  few  grams 
of  matter  could  be  expelled  at  high  altitudes  with  velocities  comparable  to 
these  possessed  by  meteors.  Telocity,  deceleration,  luminosity,  and  spectral 
measurements  madtf  on  artificial  meteors  so  produced  would  yield  significant 
contributions  to  knowledge  of  the  pressure,  density,  and  composition  of  the  upper 
atmosphere,  as  well  as  new  information  on  hypersonic  aerodynamics. 

Tarious  studies  of  natural  meteors  have  been  made  in  the  past,  parti¬ 
cularly  by  the  Harvard  College  Observatory,  to  determine  the  density,  and,  hence, 
the  temperature,  of  the  atmosphere  in  the  range  from  36  to  70  miles.  The  results 
of  these  studies  were  found  to  be  in  substantial  agreement  with  the  experimental 
7-2  results  obtained  by  NHL  on  it  October  10,  1946  flight.  Thus, it  is  felt 
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that  the  natural  meteor  ballistics  and  consequent  determination*  of  air  densities 
by  the  meteor  method  are  reliable.  The  method,  however,  is  now  of  little  use 
above  approximately  70  miles  because  natural  meteors  rarely  appear  at  these  alti¬ 
tudes  and  because  the  air  densities  are  so  low  at  these  greater  altitudes  that 
decelerations  cannot  be  measured. 

Since  the  Jet  from  a  standard  shaped- charge  rifle  grenade  has  a  velocity 
comparable  to  the  lower  range  of  meteor  velocities,  it  was  hoped  that  if  grenades 
of  this  type  were  launched  from  a  7-2  rocket  at  an  altitude  of  100  miles  or  more, 
artificial  meteors  might  be  produced.  Matter  ejected  with  sufficiently  high 
velocity  would  be  essentially  a  low-density  meteor  and  could  be  treated  as  a 
meteoritic  body  even  though  the  material  would  probably  be  in  a  dust-like  or  gas¬ 
eous  state.  Such  a  device  for  propelling  matter  at  great  velocities  could  extend 
the  results  obtained  from  the  previous  studies  of  meteors  to  increased  height r 
and  could  provide  greatly  increased  precision  of  individual  measurements  because 
the  mass  of  the  meteoric  body  would  be  known. 

At  low  altitudes,  a  measurement  of  any  one  of  the  three  quantities  — 
temperature,  density,  or  pressure  —  alone  serves  to  determine  the  other  two. 
Because  of  the  dissociation  of  0 2  at  approximately  the  70  mile  level,  however, 
the  mean  molecular  weight  of  the  atmosphere  changes  appreciably  and  the  addition 
of  this  new  variable  to  the  problem  requires  that  two  of  the  quantities  be 
measured  to  determine  the  third. 

Direct  pressure  and  temperature  measurements  have  been  made  by  other 
agencies  along  the  7-2  trajectory,  but  the  Interpretation  of  the  measurements  is 
complicated  by  the  unknown  effect  of  dissociation  of  the  atmosphere  on  measure¬ 
ments  utilizing  ionization  technique*  Telocity  of  sound  methods  of  measuring  air 
temperatures  by  explosions  from  the  7-2  are  not  expected  to  operate  to  altitudes 
above  about  50  miles  nbr  are  air  sampling  methods,  because  of  the  extreme 
tenuousness  of  the  atmosphere  (leer  than  one-millionth  of  sea  level  density). 
Auroral  methods  and  ionospheric  methods,  on  the  other  hand,  have  yielded  data  to 
much  higher  levels. 

The  meteor  method  would  be  an  aid  for  the  proper  int  exp  ret  at  ion  of  the 
pressure  and  temperature  measurements  made  by  the  other  groups,  and  would  give, 
as  well,  independent  data  on  the  physical  properties  of  the  upper  atmosphere. 

Equipment 

Considerable  thought  was  given  to  the  problem  of  propelling  matter  with 
a  velocity  higi  enough  to  be  in  the  range  of  meteor  velocities.  The  shaped- 
charge  rifle  grenade  was  chosen  for  the  preliminary  experiment  because  it  pro¬ 
pels  matter  faster  than  any  other  standard  ordnance  equipment  of  suitable  size. 
When  exploded,  the  conical  metallic  cavity  liner  is  collapsed  and  squeezed  radi¬ 
ally  inward  by  the  hydrodynamic  pressure  of  the  detonating  explosive,  thereby 
adlabatically  heating  the  "slug”  and  causing  plastic  forward  extrusion  rtf  a  thin 
"wire”,  which  fractures  into  a  stream  of  particles  having  a  velocity  of  about 
30,000  feet/second  (Fig.  71).  It  was  realized  thAt  the  mass  of  the  matter  pro¬ 
pelled  would  be  small  and  the  velocity  lower  than  desired,  but  it  was  felt  that 
the  shaped-charge  grenade  would  be  suitable  for  trial.  The  experiment  involved 
the  design,  manufacture,  and  installation  of  time  fazes  for  the  grenades,  and 
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FIG.  72  M9A1 'Grenade 


suitable  launching  equipment  to  clear  the  grenades  from  the  V-2  rocket  before 
exploding.  The  work  cf  carrying  out  this  experiment  was  done  by  the  New  Mexico 
School  of  Mines  with  material  furnished  by  the  Army  Ordnance  Department.  The 
time  fuzes  used  were  adaptations  of  the  Mk  244  Mod  1  bomb  delay  element,  which 
gave  a  time  delay  of  4.10  to  4.92  seconds. 

Modification  of  the  M9A1  grenade  shown  in  Fig.  72  are  detailed  in  Fig. 

73  and  include  a  holder  for  the  delay  element,  a  tiring  pin,  and  spring.  A 
pull-out  pin  which  was  removed  when  the  grenade  was  installed  in  the  launcher, 
kept  the  firing  pin  in  a  safe  position  during  handling.  The  launching  force 
Ignites  the  delay  train  by  driving  the  firing  pin  against  the  pin  in  the  element. 

Launching  equipment  was  derived  from  the  standard  Amy  M7  launcher.  The 
standard  30  cal.  M-3  grenade  cartridge  was  used  to  supply  the  launching  force. 

The  cartridge  was,  in  turn,  fired  by  a  ND-24  cannon  primer.  Firing  was  initiated 
by  a  motojvdriven  timer. 

Smoke  Puff  Experiment 

The  flrv't  Installation  of  the  launching  equipment  *Fig.  74)  was  made  in 
the  V-2  rocket  fired  on  October  24,  1946.  Black  powder  charges  were  substituted 
for  the  shaped-charge  grenades  as  other  arrangements  had  not  been  completed  for 
the  artificial  meteor  experiment.  All  equipment  functioned  as  planned.  The 
black  powder  smoke  puffs  were  observed  at  about  75,  85,  and  95  seconds  time  of 
flight  (at  altitudes  of  about  100,000,  160,000,  and  200,000  feet).  The  photo¬ 
theodolites  yielded  good  photographs  of  the  smoke  puffs  which  were  also  seen  by 
naked-eye  ob  ervers  at  a  distance  of  20  miles.  This  test  was  made  to  prove- in 
the  ejection  equipment  for  the  meteor  experiment,  but  also  se3  ved  to  demonstrate 
a  method  for  study  of  air  currents  at  the  high  altitudes  by  means  of  black  powder 
smoke  puffs. 
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An  attempt  hat  been  made  to  analyze  the  black  powder  smoke  puff »  to 
obtain  wind  velocities  at  high  altitudes.  The  black  powder  bursts  (being  of 
low  order  detonations)  gave  streamers  of  smoke  rather  than  localised  puffs; 
however,  indications  of  high  wind  velocities  were  obtained  but  the  nature  of 
thA  streamers  did  not  permit  thoroughly  reliable  conclusions. 

Artificial  Meteor  toeriment 

Equipment,  identical  with  that  used  on  the  October  34,  1946  flight, 
was  installed  in  the  7-2  fired  on  December  17,  1946.  The  launching  was  made 
at  nigfct.  The  outcome  of  the  artificial  meteor  experiment  has  never  been 
clearly  determined.  One  observer  using  Navy  binoculars  reported  seeing  a 
streak  of  light  originating  from  the  missile*  Neither  of  the  missile-borne 
cameras,  the  rotating  shutter  cameras  of  the  Harvard  Observatory  group,  nor 
the  cameras  of  the  California  Institute  of  Technology  group  revealed  operation, 
however.  Although  there  is  considerable  doubt  that  the  action  could  have  been 
seen  from  the  ground  without  extremely  good  telescopic  equipment  with  large 
apertures,  it  seems  more  probable  that  the  jet  charge  ejection  system  failed  in 
flight.  It  will  be  remembered  that  on  this  flight,  warhead  blow-off,  initiated 
by  the  same  timing  device  which  controlled  the  launching  of  the  grenades,  did 
not  function  properly,  separation  occurring  at  446  seconds  instead  of  at  the 
planned  330  seconds. 

Subsequent  ground  firings  indicated,  however,  that  these  shaped  charges 
are  rather  too  feeble  to  be  useful  for  very  high  velocity  work. 

Development  of  higher  velocity  charges,  therefore,  seems  necessary  for 
the  successful  conduct  of  these  experiments. 

Biological  Experiment 

An  experiment  was  conducted  to  determine  in  a  preliminary  way  whether 
the  cosmic  rays,  or  other  phenomena  of  high  altitude,  had  any  unusual  effects 
on  the  growth  and  mutation  of  fungus  spores.  Spores  having  a  short  life  cycle 
were  provided  by  the  National  Institue  of  Health,  and  were  flown  on  December  17, 
1946. 


The  spores  were  contained  in  five  cylinders  of  Incite.  Three  of  these 
were  installed  in  a  groove  in  the  wood  packing  of  the  recorder  case.  The  instal¬ 
lation  in  the  recorder  case  is  shown  in  Fig.  75.  The  remaining  two  Incite 
cylinders  were  attached  at  other  points  in  the  warhead.  One  cylinder  of  spores 
was  retained  on  the  ground  as  a  control  sample  for  the  experiment.  The  cylinders 
containing  the  spores  were  unfortunately  not  recovered. 
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